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DEVELOPMENT OF DNA PROBES AND IMMUNOLOGICAL 
REAGENTS SPECIFIC FOR CEL L SURFACE -EXPRESSED 
MOLECULES AND TRANSFORMATION-ASSOCIATED GENES 



The invention disclosed herein was made with Government 
support under NIH Grants CA 35675 and CA 43208 from the 
Department of Health and Human Services. Accordingly, 
the U.S. Government has certain rights in this invention. 

Background of t >>g Invention 

Throughout this application, various references are 
referred to within parentheses. Disclosures of these 
publications in their entireties are hereby incorporated 
by reference into this application to more fully describe 
the state of the art to which this invention pertains. 
Full bibliographic citation for these references may be 
found at the end of each series of experiments . 

The classical method for developing, monoclonal antibodies 
specific for cell-surface molecules involves repeated 
injections of mice with either intact cells or cell 
membrane preparations derived from the desired target 
cells. The injections are followed by the removal of 
mouse spleen cells and fusion of these cells to a myeloma 
partner [reviewed in (1-3)]. This approach has resulted 
in the production of monoclonal antibodies that react 
with a number of surf ace -expressed molecules of potential 
interest, including cell-surface growth factor receptors 
and tumor-associated antigens. However, the procedure is 
generally inefficient and requires screening of a large 
number of hybridomas for production of the appropriate 
monoclonal antibodies [reviewed in (1-6)]. 

DNA transfection procedures have been used to transfer 
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human genes into heterologous cells, such as mouse NIH 
3T3 cells [reviewed in 7-10)]. When NIH 3T3 cells have 
been used as the recipient for DNA transf ection, this 
approach has not been successful in identifying dominant - 
5 acting transforming or tumor- inducing genes from a 
majority (approximately 85%) of human tumors or human 
tumor cell lines (7-10) . In most studies that use NIH 
3T3 cells, even when a dominant -acting oncogene was 
identified, it often represented a member of the ras 
10 oncogene family or a modified cellular gene (7-10). A 
recently developed cloned rat embryo fibroblast cell 
line, CREF-Trans 6, has proven useful in identifying 
putative novel oncogenes not detected in NIH 3T3 cells 
(11) . Cotransfection of CREF-Trans 6 cells with high- 
15 molecular-weight DNA from the LNCaP human prostatic 
carcinoma cell line and the selectable neomycin 
resistance gene (pSV2neo) , followed by selection for 
resistance to G418 and injection into nude mice, resulted 
in tumor formation (11) . In contrast, when the same DNA 
20 sources were used with NIH 3T3 cells, no tumors developed 
in nude mice given an injection of neomycin -resistant 
(G418) cotransfected NIH 3T3 cells (11) - 

Applicants conducted the current experiments to determine 
25 if DNA transfection combined with an immunologic masking 
tactic could be used to efficiently generate hybridomas 
that secrete monoclonal antibodies reacting with cell- 
surface molecules expressed on genetically altered cells. 
Applicants demonstrate the feasibility of this approach, 

30 called surface-epitope masking (SEM) . Applicants used 
DNA transfection and the SEM procedure in an attempt to 
produce hybridomas secreting monoclonal antibodies that 
reacted with surface epitopes located on typical 
multidrug-resistant (MDR) cells and human prostatic 

35 carcinoma cells. These results indicate that DNA 
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transfection in conjunction with SEM can be used to 
generate hybridomas producing monoclonal antibodies that 
can react with surface-expressed molecules encoded by 
both known and unknown genes. 
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fiiinmarv of the Invention 

This invention provides a method for preparing a 
hybridoma cell line which produces an antibody capable of 
5 specifically binding to a cell surface-expressed protein 
which expresses on the surface of one cell type but not 
the other comprises a) generating antiserum against a 
cell type which does not express the cell surface - 
expressed protein; b) coating another cell type which 

10 expresses the cell surf ace -expressed protein with the 
antiserum generated; c) injecting the antiserum-coated 
cells into suitable hosts; d) screening the resulting 
hosts to identify hosts which produce serum reactive with 
the coated cell; e) removing spleens from the hosts so 

15 identified; f) preparing from the spleens so removed 
hybridomas; and g) recovering therefrom a hybridoma cell 
line which produces an antibody capable of specifically 
binding to a cell surf ace -expressed protein. 

20 This invention provides a method for isolating DNA coding 
for a protein capable of binding to the cell surface- 
expressed protein which expresses on the surface of one 
cell type but not the other comprising: a) generating 
antiserum against a cell type which does not express the 

25 cell surface-expressed protein; b) coating another cell 
type which expresses the cell surface-expressed protein 
with the antiserum generated; c) injecting the antiserum- 
coated cells into suitable hosts; d) screening the 
resulting hosts to identify hosts which produce serum 

30 reactive with the coated cell; e) removing spleens from 
the hosts so identified; f) isolating B- lymphocytes from 
the removed spleen; g) preparing DNA from plasma cells to 
generate combinatorial phage cDNA library which contains 
different clones; and h) contacting the clones in the 

35 library with the coated cells from step (b) . the binding 
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of the coated cells with a clone indicating the protein 
expressed by the clone capable of binding to the cell 
surface-expressed protein. 

5 This invention . provides a method for preparing a 
hybridoraa cell line which produces an antibody capable of 
specifically binding to a cell surface-expressed protein 
which expresses on the surface of one cell type but noc 
the other comprises: a) generating antiserum against a 

10 cell type which does not express the cell surface- 
expressed protein; b) coating another cell type which 
expresses the cell surface-expressed protein with the 
antiserum generated; c) contacting the antiserum- coated 
cells with suitable immunoresponsive cells capable of 

15 being stimulated to produce antibodies; d) preparing 
immunoresponsive cells to produce hybridomas; and e) 
isolating hybridomas which produce antibodies reactive 
with the coated cell, thereby preparing hybridoma cell 
lines which produce antibodies capable of specifically 

20 binding to a cell surface-expressed protein. 

This invention provides a method for preparing a 
hybridoma cell line which produces an antibody capable of 
specifically binding to a cell surface-expressed protein 

25 comprises: a) generating antiserum against a cell which 
normally does not express the cell surface-expressed 
protein; b) introducing a DNA molecule encoding the cell 
surface-expressed protein to express the cell surface- 
expressed protein into the cell; c) selecting cells which 

30 express the cell surf ace -expressed protein; d) coating 
the selected cells with the antiserum generated in step 
a; e) injecting the antiserum- coated cells into suitable 
hosts; f) screening the resulting hosts to identify hosts 
which produce serum reactive with the coated cell; g) 

35 removing spleens from the hosts so identified; h) 
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preparing from the spleens so removed hybridomas; and i) 
recovering therefrom a hybridoma cell line which produces 
an antibody capable of specifically binding to a cell 
surface-expressed protein. 

5 

This invention provides a method for isolating DNA coding 
for a protein capable of binding to the cell surface- 
. expressed protein comprising: a) generating antiserum 
against a cell which normally does not express the cell 
10 surface-expressed protein; b) introducing a DNA molecule 
which encodes the cell surf ace -expressed protein to 
express the cell surf ace -expressed protein into the cell; 
c) selecting cells which express the cell surface- 
expressed protein; d) coating the selected cells with the 
15 antiserum generated in step a; e) injecting the 
antiserum-coated cells into suitable hosts; f) screening 
the resulting hosts to identify hosts which produce serum 
reactive with the coated cell; g) removing spleens from 
the hosts so identified; h) isolating B-lymphocytes from 
20 the removed spleen; i) preparing DNA from B-lymphocytes 
to generate combinatorial phage cDNA library which 
contains different clones; and j) contacting the clones 
in the library with the coated cells from step (b) , the 
binding of the coated cells with a clone indicating the 
25 protein expressed by the clone capable of binding to the 
cell surface-expressed protein. 

This invention provides a method for preparing a 
hybridoma cell line which produces an antibody capable of 

30 specifically binding to a cell surf ace -expressed protein 
which expresses on the surface of one cell type but not 
the other comprises: a) generating antiserum against a 
cell which normally does not express the cell surface- 
expressed protein; b) introducing a DNA molecule which 

35 encodes the cell surface-expressed protein to express the 
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cell surface-expressed protein into the cell; c) 
selecting cells which express the cell surface-expressed 
protein; d) coating the selected cells with the antiserum 
generated in step a; e) contacting the antiserum-coated 
5 cells with suitable immunoresponsive cells capable of 
being stimulated to produce antibodies; f) preparing 
immunoresponsive cells to produce hybridomas; and g) 
isolating hybridomas which produce antibodies reactive 
with the coated cell, thereby preparing hybridoma cell 
10 lines which produce antibodies capable of specifically 
binding to a cell surface-expressed protein. 

This invention provides a method for preparing a 
hybridoma cell line which produces an antibody capable of 
15 specifically binding to a cell surface-expressed protein 
comprises: a) introducing a DNA molecule which encodes a 
cell surface-expressed protein and a second DNA molecule 
which encodes a selectable or identifiable trait into an 
established cell line; b) selecting transfected cells 
20 which express the selectable or identifiable trait; c) 
recovering the transfected cells so selected; d) coating 
the selected cells so recovered with an antiserum 
generated against the established cell line; e) injecting 
the antiserum-coated cells into the suitable hosts; f) 
25 screening the resulting hosts to identify hosts whxch 
produce serum reactive with the coated cell; g) removing 
spleens from the hosts so identified; h) preparing from 
the spleens so removed hybridomas; and i) recovering 
therefrom a hybridoma cell line which produces an 
30 antibody capable of specifically binding to a cell 
surface-expressed protein. 

This invention provides a method for isolating DNA coding 
for a protein capable of binding to the cell surface- 
35 expressed protein comprising: a) introducing a DNA 
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molecule which encodes a cell surface-expressed protein 
and a second DNA molecule which encodes a selectable or 
identifiable trait into an established cell line; b) 
selecting transfected cells which express the selectable 

5 or identifiable, trait; c) recovering the transfected 
cells so selected; d) coating the selected cells so 
recovered with an antiserum generated against the 
established cell line; e) injecting the antiserum- coated 
cells into the suitable hosts; f) screening the resulting 

10 hosts to identify hosts which produce serum reactive with 
the coated cell; g) removing spleens from the hosts so 
identified; h) isolating B-lymphocytes from the removed 
spleen; i) preparing DNA from B-lymphocytes to generate 
combinatorial phage cDNA library which contains different 

15 clones; and j) contacting the clones in the library with 
the coated cells from step (b) . the binding of the coated 
cells with a clone indicating the protein expressed by 
the clone capable of binding to the cell surface- 
expressed protein. 

20 

This invention provides a method for preparing a 
hybridoma cell line which produces an antibody capable of • 
specifically binding to a cell surface-expressed protein 
comprises a) introducing a DNA molecule which encodes a 
25 cell surface-expressed protein and a second DNA molecule 
which encodes a selectable or identifiable trait into an 
established cell line; b) selecting transfected cells 
which express the selectable or identifiable trait; c) 
recovering the transfected cells so selected; d) coating 
30 the selected cells so recovered with an antiserum 
generated against the established cell line; e) 
contacting the antiserum-coated cells with suitable 
immunoresponsive cells capable of being stimulated to 
produce antibodies; f) preparing immunoresponsive cells 
35 to produce hybridomas; and g) isolating hybridomas which 
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produce antibodies reactive with the coated cell of step 
(d) , thereby preparing hybridoma cell lines which produce 
antibodies capable of specifically binding to a cell 
surface-expressed protein. 

5 

This invention provides a method for preparing a 
hybridoma cell line which produces an antibody which 
specifically recognizes and binds to a tumor associated 
antigen associated with a neoplastic, human cell which 
10 comprises: a) cotransf ecting the CREF-Trans 6 cell line 
(ATCC Accession No. CRL 10584) with DNA isolated from a 
neoplastic, human cell and DNA which encodes a selectable 
or identifiable trait; b) selecting transfected cells 
which express the selectable or identifiable trait; 
15 c) recovering the transfected cells so selected; 

d) injecting the transfected cells so recovered into a 
suitable first murine host; e) maintaining the resulting 
first murine host for a period of time effective to 
induce the injected transfected cells to form a tumor in 
20 the first murine host; f) isolating the resulting tumor 
from the first murine host; g) obtaining tumor cells from 
the tumor so isolated; h) coating the tumor cells so 
obtained with an antiserum generated against ■ the 
established non-human, non- tumor igenic cell line; l) 
25 injecting the antiserum -coated cells into the suitable 
second hosts; j) screening the resulting second hosts to 
identify hosts which produce serum reactive with the 
neoplastic, human cell; k) removing spleens from the 
second hosts so identified; 1) preparing from the spleens 
3 0 so removed hybridomas; and m) recovering therefrom a 
hybridoma cell line which produces an antibody which 
specifically recognizes and binds to the cell surface 
an: igen . 

35 This invention provides a method of preparing DNA 
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encoding a cell surface antigen associated with a 
neoplastic, human cell which comprises : a) cotransf ecting 
CREF- Trans 6 cell line with DNA isolated from a 
neoplastic human cell and DNA encoding a selectable or 

5 identifiable trait;b) selecting transfected cells which 
express the selectable or identifiable trait;c) 
recovering the transfected cells so selected;d) injecting 
the transfected cells so recovered into a suitable first 
murine host ;e) maintaining the resulting first murine host 

10 for a period of time effective to induce the injected 
transfected cells to form a tumor in the first murine 
host;f) isolating the resulting tumor from the first 
murine host ;g) obtaining tumor cells from the tumor so 
isolated; and h) recovering DNA encoding the cell surface 

15 antigen associated with the neoplastic human cell from 
the tumor cells so obtained. 

This invention further provides an isolated mammalian 
nucleic acid molecule having the sequence of Prostate 
20 Carcinoma Tumor Antigen Gene-1. This invention also 
provides an isolated mammalian nucleic acid molecules 
having the sequence of Prostate Tumor Inducing Gene-1. 
This invention provides an isolated mammalian nucleic 
acid molecules having the sequence of Prostate Tumor 
25 inducing Gene-2. Finally, this invention provides an 
isolated mammalian nucleic acid molecules having the 
sequence of Prostate Tumor Inducing Gene-3. 
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Brief Description of the Figures 



Figure 1 



10 



15 



Flow chart for SEM strategy. This 
procedure involves the production of anti- 
CREF- Trans 6 polyclonal antibodies, which 
are used to block rat antigenic epitopes 
on transfected CREF-Trans 6 prior to 
injection into animals. The strategy 
results in the production of immune spleen 
cells that react with transfected surface- 
expressed antigens on CREF-Trans 6 cells. 
Spleen cells are then fused with NS1 
murine myeloma cells, producing hybridomas 
secreting monoclonal antibodies specific 
for antigens expressed on the cell surface 
of transfected CREF-Trans 6 cells. 



Figure 2 
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Reactivity toward MDR CREF-Trans 6 cells 
subject to SEM produced MDR monoclonal 
antibodies. CREF - Trans - 6 cells were 
transfected with a human MDR-1 gene and 
MDR clones resistant to colchicine were 
isolated. The SEM approach was used to 
generate independent hybridomas (MDR 2.3, 
MDR 3.0, MDR 8.12 and MDR 9.7) that 
secreted monoclonal antibodies reacting 
with surface epitopes of the MDR 
transporter expressed in CREF-Trans 6:MDR 
Al cells but not untransf ected non-MDR 
CREF-Trans 6 parental cells. The SEM- 
derived monoclonal antibodies were also 
tested for reactivity with three 
independently derived CREF-Trans 6 MDR 
clones.' CREF-Trans 6 : MDR C3 , CREF-Trans 
6 :MDR D2 and CREF-Trans 6 :MDR F4 . Samples 



WO 96/21671 



PCT/US96/00307 



-12 



Figure 3 
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Figure 4 
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were analyzed by FACS, and results are 
expressed as mean fluorescence intensity 
units. Replicate samples varied by <10% 
and replicate studies varied by <20%. 

Reactivity toward MCF7 and MDR MCF7 cells 
of human leukocyte antigen class 1 
monoclonal antibodies and MDR monoclonal 
antibodies produced using CREF-Trans 6 :MDR 
Al cells and the SEM procedure. MCF7 and 
MCF7 CL4 cells are non-MDR cells. MCF7 
CL4 : MDR I, MCF7 CL4 :MDR II. and MCF7 
CL4 : MDR III are three independent MDR MCF7 
CL4 subclones. Fluorescence baseline was 
determined using irrelevant isotype- 
matched antibody and goat ant i -mouse 
immunoglobulin G conjugated to f luorescine 
isothiocyanate . Samples were analyzed by 
FACS and results are expressed as mean 
fluorescence intensity units. Replicate 
samples varied by <10% and replicate 
studies varied by <20%. 

Reactivity toward untransf ected CREF-Trans 
6, LNCaP DNA-transf ected CREF-Trans 6 and 
human prostatic carcinoma cell lines of 
SEM- derived monoclonal antibodies. Pro 
1.1, 1.2, 1.3, 1.4 and 1.5 are monoclonal 
antibodies produced by independent 
hybridomas generated by fusing spleen 
cells from mice immunized with LNCaP DNA- 
transf ected, tumor-derived CREF-Trans 6 
cells coated with ant i -CREF-Trans 6 
polyclonal antibodies, CREF-Trans 6:4 NMT, 
with NS1 murine myeloma cells. The cells 
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Figure 6 
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analyzed were parental CREF-Trans 6-4 NMT 
(primary LNCaP DNA-transf ected, tumor 
derived transfectant derived from tumor) , 
CREF-Trans 6:4-7 NMT (secondary CREF-Trans 
6:4 NMT DNA-transf ected, tumor -derived 
transfectant derived from tumor) , and 
human prostatic carcinoma cell lines 
LNCaP, DU-145 and PC-3. Samples were 
analyzed by FACS, and results are 
expressed as mean fluorescence intensity 
units. Replicate samples varied by <10% 
and replicate studies varied by <15%. 

Expression of putative human prostatic 
carcinoma encoded polypeptides in LNCaP 
DNA-transf ected tumor-derived CREF-Trans 
6 cells and LNCaP and DU-145 human 
prostatic carcinoma cells. Labeled cell 
lysates from the cell lines were 
immunoprecipitated with monoclonal 
antibody Pro 1.4. Molecular weight size 
markers are indicated on the left side of 
the figure. Experimental details can be 
found in the Materials and Methods section 
and Duigou et al. (20) . 

Differential display (DD) of CREF-Trans 6 
and CREF-Trans 6:4 NMT mRNAs . DD was 
performed with a 24 oligomer (5'-) and a 
14 oligomer (3'-) with sequences shown in 
materials and methods. The arrow indicates 
the PTI-1 band appearing only in mRNA from 
CREF-Trans 6:4 NMT, but not in CREF-Trans 
6 cells. The length of this PTI-1 DNA 
fragment is 214 bp. 
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Expression of PTI-1 in normal and tumor 
cell lines. RNAs from CREF-Trans 6, CREF- 
Trans 6 : 4 NMT and various normal and 
tumor-derived human cell lines were 
transferred to nylon membranes and probed 
with a [32P] -labeled 279 bp PTI-1 DNA 
fragment (317 to 596 bp, between primers 
A and L, Fig. .8) . Membranes were stripped 
and reprobed with a [ 32 P] -labeled GAPDH 
gene . 

Peptide and DNA sequence of the PTI-1 gene 
and comparison with the human EF-la gene. 
(A) Peptide and DNA sequence of PTI-1. The 
5'- and 3 ' -non- translation region of the 
PTI-1 gene is in small letters and the 
PTI-1 open- reading frame is in capital 
letters. Squared amino acids are mutated 
amino acids in the PTI-1 gene resulting 
from single -base mutations (underlined 
bases) . The sequences underlined in the 
5' -non- translated regions are the L and A 
primers, used in Figures 7 and 9. (B) 
Peptide comparison of EF-la and PTI-1. 
Peptide for EF-la is indicated in (E) and 
the peptide for PTI-1 is indicated in (P) . 
The underlined region (67 amino acids) of 
EF-la indicates the amino acids missing in 
the PTI-1 gene. Bold letters (with a *) 
indicate the mutated amino acids in the 
PTI-1 peptide. (C) Differences in amino 
acids, codons and nucleotides between EF- 
la and PTI-1. Six single-base mutations 
give rise to specific amino acid changes 
in the PTI-1 gene. In the column of amino 
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acids, the numbers in parentheses refer to 
the position of the amino acid in the 
peptide and codon refers to the sequence 
of three nucleotides encoding the specific 
amino acid. The specif ic nucleotide change 
is also indicated. 
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RT-PCR analysis of PTI-1, PSA and GAPDH 
expression in cell lines and tissue 
samples of normal prostate, BPH and 
prostate carcinoma. RT-PCR of PTI-1 uses 
two primers consisting of a pair of 20- 
oligomers: primer L with the sequences 
5 ' -GAGTCTGAATAGGGCGACTT- 3 ' ( sense 
orientation) ; and primer A with the 
sequence 5 ' - AGTCAGTACAGCTAGATGCC- 3 ' 
(antisense orientation) (both underlined 
in Fig. 8) . RT-PCR of PSA uses the primers 

(A) 5 ' - AGACACAGGCCAGGTATTTCAGGTC - 3 ' and 

( B ) 5 ' - CACGATGGTGTCCTTGATCCACTTC - 3 ' 1 RT- 
PCR of GAPDH uses a pair of primers with 
the sequences (I) 

( 5 ' - TCTTACTCCTTGGAGGCCATG - 3 ' ) and P (II) 
( 5 ' - CGTCTTCACCACCATGGAGAA- 3 ' ) . The PCR 
amplified products were blotted on nylon 
membranes and probed with a [ 32 P] - labeled 
279 bp DNA fragment of PTI-1, PSA or 
GAPDH, respectively. 

In vitro translation of the PTI-1 gene. 
Lane CAT is the in vitro .translation of 
the chloramphenicol acetyltransf erase gene 
(M r = 24 kDa) , used as a positive control. 
Lane PTI-1 contains the translated 
products of the PTI-1 gene. Rainbow 
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protein standards (Amersham Life Science) 
were used to determine the sizes of the in 
vitro translated products. 

Figure 11 Expression of PTI-1 in CREF cells 

transformed by different oncogenes. 
Northern hybridization analysis of RNA 
isolated from: CREF-Trans 6; LNCaP DNA 
transf ected nude mouse tumor-derived CREF- 
Trans 6 cells (CREF-Trans 6:4 NMT) ; LNCaP; 
CREF cells transformed by a mutant of type 
5 adenovirus (CREF-H5hrl/A2) ; CREF cells 
transformed by a dexamethasone inducible 
(mouse mammary tumor virus (MMTV) 
promoter) wild type 5 adenovirus 
transforming E1A gene (CREF/MMTV-Ad5ElA) 
in the absence of DEX ( -DEX) normal 
cellular phenotype, in the presence of DEX 
(+DEX) Ad5 E1A expressed and cells are 
transformed; CREF cellsTFansf ormed by Ha- 
ras oncogene (CREF-ras) ; CREF cells 
transformed by v-src oncogene (CREF-src) ; 
and CREF cells transformed by oncogenic 
human papilloma virus type 51 (CREF-HPV- 
51) . Blots probed with a 32 P- labeled PTI-1 
gene probe, then stripped and reprobed 
with a 32 P-labeled GAPDH gene probe. 



30 Figure 12 Reactivity of Br-car (breast carcinoma) 

monoclonal antibodies (MAbs) prepared by 
the surface epitope masking (SEM) 
technique toward fresh-frozen sections of 
human cancers. Sections were prepared from 
patients with metastatic melanoma (A) , 
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small cell lung carcinoma (B) and breast 
carcinomas (C and D) . Reactivity was 
determined using immunohistochemical 
techniques with MAbs prepared using the 
SEM procedure with nude mouse tumor - 
derived CREF-Trans 6 cells transfected 
with DNA from the human breast carcinoma 
cell line T4yD, CREF-Trans 6:T47D NMT. 
Reactivity is only apparent in the two 
human breast carcinoma sectioned patient 
samples . 

Nucleic acid sequence of PTI-2 
Nucleic acid sequence of PTI-3 
Nucleic acid sequence of PCTA-1 

Immunofluorescence staining and 
immunoprecipitation analysis of secreted 
and cellular PCTA-1. Live cells were 
incubated with MoAb Pro 1.5 and analyzed 
by fluorescence microscopy (A, B, C) . 
Cells were labeled with 35 S -methionine and 
secreted and cellular PCTA-1 levels were 
determined by immunoprecipitation with the 
Pro 1 . 5 MoAb (D) . 

Immunohistochemical detection of PCTA-1 
and prostate specific antigen (PSA) in 
prostate tissue sections. Benign prostate 

[PCTA-1 (A), PSA (EH, prostatic 
intraepithelial neoplasia (PIN) [PCTA-1 

(C) , PSA (F) J and invasive prostate 
carcinoma [PCTA-1 (C and D) , PSA (G and 
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H) ] . Original magnifications: A, B, D, E , 
F and H = 250X; C and G = 100X. 

Predicted amino acid sequence of PCTA-1 
and alignment of PCTA-1 with other 
galactose-binding lectin (galectin) 
proteins. The predicted amino acid 
sequence is shown below the nucleotide 
sequence (A) . Comparison of PCTA-1 with 
sequences of the M r 14,000 and M r 29,000 
to 31,000 galectins from eel, chicken, 
mouse, rat, bovine and human galectins 
(B) . *, amino acids unique to PCTA-1; 
_, amino acids shared by PCTA-1 and mouse- 
L34, human galectin-3- L29 and human- L31; 
o, amino acids shared by PCTA-1 and the M r 
14,000 and M r 29,000 to 31,000 galectins 
from different species. 

RT-PCR analysis of PCTA-1, PSA and GAPDH 
expression in cell lines and tissue 
samples of normal prostate, BPH, and 
prostate carcinoma. RT-PCR of PCTA-1 uses 
two 20-mers with the sequences 
5 ' - AAGCTGACGCCTCATTTGCA - 3 and 
5 ' - AACCACCAATGGAACTGGGT- 3 ' . RT-PCR of PSA 
uses two primers: primer A, 
5 ' - AGAC ACAGG C CAGGTATTTC AGGT C - 3 ' ; and 
primer B, 5 ' - CACGATGGTGTCCTTGAT 
CCACTTC-3' . RT-PCR of GAPDH uses a pair 
of primers with the sequences 
5 ' -TCTTACTCCTTGGAGGCCATG- 3 ' and 
5 ' - CGTCTTCACCACCATGGAGAA - 3 ' . The 
PCR-amplified products were blotted on 
nvlon membranes and probed with a 
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32 P-labeled DNA fragment of PCTA-1, PSA, 
or GAPDH , respectively. 
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nefcailed Descripti on of th*» invention 

Throughout this application, the following standard 
abbreviations are used throughout the specification to 
5 indicate specific nucleotides: 

C=cytosine A=adenosine 
T=thymidine G=guanosine 

This invention provides a method for preparing a 
10 hybridoma cell line which produces an antibody capable of 
specifically binding to a cell surface-expressed protein 
which expresses on the surface of one cell type but not 
the other comprises a) generating antiserum against a 
cell type which does not express the cell surface- 
15 expressed protein; b) coating another cell type which 
expresses the cell surface-expressed protein with the 
antiserum generated; c) injecting the antiserum- coated 
cells into suitable hosts; d) screening the resulting 
hosts to identify hosts which produce serum reactive with 
20 the coated cell; e) removing spleens from the hosts so 
identified; f) preparing from the spleens so removed 
hybridomas; and g) recovering therefrom a hybridoma cell 
line which produces an antibody capable of specifically 
binding to a cell surface-expressed protein. 

This invention provides a method for isolating DNA coding 
for a protein capable of binding to the cell surface- 
expressed protein which expresses on the surface of one 
cell type but not the other comprising: a) generating 

30 antiserum against a cell type which does not express the 
cell surface-expressed protein; b) coating another cell 
type which expresses the cell surface-expressed protein 
with the antiserum generated; c) injecting the antiserum- 
coated cells into suitable hosts; d) screening the 

35 resulting hosts to identify hosts which produce serum 
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reactive with the coated cell; e) removing spleens from 
the hosts so identified; f) isolating B- lymphocytes from 
the removed spleen; g) preparing DNA from plasma cells to 
generate combinatorial phage cDNA library which contains 
different clones; and h) contacting the clones in the 
library with the coated cells from step (b) , the binding 
of the coated cells with a clone indicating the protein 
expressed by the clone capable of binding to the cell 
surface-expressed protein. 



This invention provides a method for preparing a 
hybridoma cell line which produces an antibody capable of 
specifically binding to a cell surface-expressed protein 
which expresses on the surface of one cell type but not 
15 the other comprises: a) generating antiserum against a 
cell type which does not express the cell surface- 
expressed protein; b) coating another cell type which 
expresses the cell surface-expressed protein with the 
antiserum generated; c) contacting the_anti serum- coated 
20 cells with suitable immunoresponsive cells capable of 
being stimulated to produce antibodies; d) preparing 
immunoresponsive cells to produce hybridomas; and e) 
isolating hybridomas which produce antibodies reactive 
with the coated cell, thereby preparing hybridoma cell 
25 lines which produce antibodies capable of specifically 
binding to a cell surface-expressed protein. 

This invention provides a method for preparing a 
hybridoma cell line which produces an antibody capable of 

30 specifically binding to a cell surface-expressed protein 
comprises: a) generating antiserum against a cell which 
normally does not express the cell surface-expressed 
protein; b) introducing a DNA molecule encoding the cell 
surface-expressed protein to express the cell surface- 

35 expressed protein into the cell; c) selecting cells which 
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express the cell surface-expressed protein; d) coating 
the selected cells with the antiserum generated in step 
a; e) injecting the antiserum- coated cells into suitable 
hosts; f ) screening the resulting hosts to identify hosts ■ 
5 which produce serum reactive with the coated cell; g) 
removing spleens from the hosts so identified; h) 
preparing from the spleens so removed hybridomas; and i) 
recovering therefrom a hybridoma cell line which produces 
an antibody capable of specifically binding to a cell 
10 surface-expressed protein. 

This invention provides a method for isolating DNA coding 
for a protein capable of binding to the cell surface- 
expressed protein comprising: a) generating antiserum 
15 against a cell which normally does not express the cell 
surface-expressed protein; b) introducing a DNA molecule 
which encodes the cell surface-expressed protein to 
express the cell surface-expressed protein into the cell; 
c) selecting cells which express the cell surface- 
20 expressed protein; d) coating the selected cells with the 
antiserum generated in step a; e) injecting the 
antiserum-coated cells into suitable hosts; f) screening 
the resulting hosts to identify hosts which produce serum 
reactive with the coated cell; g) removing spleens from 
25 the hosts so identified; h) isolating B-lymphocytes from 
the removed spleen; i) preparing DNA from B-lymphocytes 
to generate combinatorial phage cDNA library which 
contains different clones; and j) contacting the clones 
in the library with the coated cells from step (b) , the 
30 binding of the coated cells with a clone indicating tne 
protein expressed by the clone capable of binding to the 
cell surface-expressed protein. 



35 This invention provides a method for preparing 
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hybridoma cell line which produces an antibody capable of 
specifically binding to a cell surface-expressed protein 
which expresses on the surface of one cell type but not 
the other comprises: a) generating antiserum against a 
5 cell which normally does not express the cell surface- 
expressed protein; b) introducing a DNA molecule which 
encodes the cell surface-expressed protein to express the 
cell surface -expressed protein into the cell; c) 
selecting cells which express the cell surface-expressed 

10 protein; d) coating the selected cells with the antiserum 
generated in step a; e) contacting the antiserum- coated 
cells with suitable immunoresponsive cells capable of 
being stimulated to produce antibodies; f) preparing 
immunoresponsive cells to produce hybridomas; and g) 

15 isolating hybridomas which produce antibodies reactive 
with the coated cell, thereby preparing hybridoma cell 
lines which produce antibodies capable of specifically 
binding to a cell surface-expressed protein. 



20 



25 



This invention provides a method for preparing a 
hybridoma cell line which produces an antibody capable of 
specifically binding to a cell surface-expressed protein 
comprises: a) introducing a DNA molecule which encodes a 
cell surface-expressed protein and a second DNA molecule 
which encodes a selectable or identifiable trait into an 
established cell line; b) selecting transfected cells 
which express the selectable or identifiable trait; c) 
recovering the transfected cells so selected; d) coating 
the selected cells so recovered with an antiserum 
generated against the established cell line; e) injecting 
the antiserum-coated cells into the suitable hosts; f) 
screening the resulting hosts to identify hosts which 
produce serum reactive with the coated cell; g) removing 
spleens from the hosts so identified; h) preparing from 
35 the spleens so removed hybridomas; and i) recovering 
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therefrom a hybridoma cell line which produces an 
antibody capable of specifically binding to a cell 
surf ace -expressed protein. 

5 This invention provides a method for isolating DNA coding 
for a protein capable of binding to the cell surface - 
expressed protein comprising: a) introducing a DNA 
molecule which encodes a cell surface-expressed protein 
and a second DNA molecule which encodes a selectable or 

10 identifiable trait into an established cell line; b) 
selecting transfected cells which express the selectable 
or identifiable trait; c) recovering the transfected 
cells so selected; d) coating the selected cells so 
recovered with an antiserum generated against the 

15 established cell line; e) injecting the antiserum-coated 
cells into the suitable hosts; f) screening the resulting 
hosts to identify hosts which produce serum reactive with 
the coated cell; g) removing spleens from the hosts so 
identified; h) isolating B- lymphocytes from the removed 

20 spleen; i) preparing DNA from B-lymphocytes to generate 
combinatorial phage cDNA library which contains different 
clones; and j) contacting the clones in the library with 
the coated cells from step (b) , the binding of the coated 
cells with a clone indicating the protein expressed by 

25 the clone capable of binding to the cell surface- 
expressed protein. 

This invention provides a method for preparing a. 
hybridoma cell line which produces an antibody capable of 

30 specifically binding to a cell surf ace -expressed protein 
comprises a) introducing a DNA molecule which encodes a 
cell surface-expressed protein and a second DNA molecule 
which encodes a selectable or identifiable trait into an 
established cell line; b) selecting transfected cells 

35 which express the selectable or identifiable trait; c) 
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recovering the transfected cells so selected; d) coating 
the selected cells so recovered with an antiserum 
generated against the established cell line; e) 
contacting the antiserum-coated cells with suitable 
immunoresponsive. cells capable of being stimulated to 
produce antibodies; f) preparing immunoresponsive cells 
to produce hybridomas; and g) isolating hybridomas which 
produce antibodies reactive with the coated cell of step 
(d) , thereby preparing hybridoma cell lines which produce 
antibodies capable of specifically binding to a cell 
surf ace -expressed protein. 

In an embodiment, the DNA molecules are introduced into 
the establised cell line by cotransf ection . 

In another embodiment, the DNA molecule encoding a cell 
surface -expressed protein is a expression vector. 

in another embodiment, the cell surface-expressed protein 
20 is the P-glycoprotein. 

in another embodiment, the cell surface-expressed protein 
is a cytokine receptor. 

25 in a further embodiment, the cytokine receptor is a 
interferon-alpha receptor. 

in still another embodiment, the cytokine receptor is a 
interferon -gamma receptor. 

30 

in yet another embodiment, the cell surf ace-expressea 
protein is a tumor associated antigen. 

In a still further embodiment, the second DNA molecule 
35 encoding the selectable or identifiable trait is plasmid 
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DNA. 

In another embodiment, the plasmid DNA encodes resistance 
to an antibiotic. 

In still another embodiment, the plasmid DNA comprises 
pSV2-Neo. 

in another embodiment, the cell line is the CREF-Trans 6 
cell line (ATCC Accession No. CRL 10584) . 



This invention provides a method for preparing a 
hybridoma cell line which produces an antibody which 
specifically recognizes and binds to a tumor associated 
15 antigen associated with a neoplastic, human cell which 
comprises: a) cotransf ecting the CREF-Trans 6 cell line 
(ATCC Accession No. CRL 10584) with DNA isolated from a 
neoplastic, human cell and DNA which encodes a selectable 
or identifiable trait; b) selecting transfected cells 
which express the selectable or identifiable trait; c) 
recovering the transfected cells so selected; d) injecting 
the transfected cells so recovered into a suitable first 
murine host; e) maintaining the resulting first murine 
host for a period of time effective to induce the 
injected transfected cells to form a tumor in the first 
murine host; f) isolating the resulting tumor from the 
first murine host; g) obtaining tumor cells from the 
tumor so isolated; h) coating the tumor cells so obtained 
with an antiserum generated against the established non- 
30 human, non- tumor igenic cell line; i) injecting the 
antiserum-coated cells into the suitable second hosts; D ) 
screening the resulting second hosts to identify hosts 
which produce serum reactive with the neoplastic, human 
cell; k) removing spleens from the second hosts so 
35 identified;!) preparing from the spleens so removed 
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hybridomas; and m) recovering therefrom a hybridoma cell 
line which produces an antibody which specifically 
recognizes and binds to the cell surface antigen. 

5 in an embodiment., the neoplastic, human cell is a benign 
cell. In another embodiment, the neoplastic, human cell 
is a metatastic cell. In a separate embodiment, the 
neoplastic, human cell is a human prostatic carcinoma 
cell derived from cell line LNCaP (ATCC No. CRL 1740). 
10 In another embodiment, the cell is a human breast 
carcinoma cell derived from cell line T47D (ATCC No. HTB 
133) . 

in an embodiment, the suitable second host is a murine 
15 host, in another embodiment, the suitable second host is 
a non-human primate host. 

This invention provides a method of preparing DNA 
encoding a cell surface antigen associated with a 
20 neoplastic, human cell which comprises: a) cotransf ectmg 
CREF-Trans 6 cell line with DNA isolated from a 
neoplastic human cell and DNA encoding a selectable or 
identifiable trait; b) selecting transfected cells which 
express the selectable or identifiable trait; c) 
25 recovering the transfected cells so selected; d) 
injecting the transfected cells so recovered into a 
suitable first murine host; e) maintaining the resulting 
first murine host for a period of time effective to 
induce the injected transfected cells to form a tumor m 
30 the first murine host; £) isolating the resulting tumor 
from the first murine host; g) obtaining tumor cells from 
the tumor so isolated; and h) recovering the DNA encoding 
the cell surface antigen associated with the neoplastic 
human cell from the tumor cells so obtained. The DNA 
35 molecule containing the sequence for the cell surface 
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antigen associated with the neoplastic human cell may be 
further isolated. 

In an embodiment, the neoplastic, human ceil is a benign 
5 tumor cell. In another embodiment, the neoplastic, human 
cell is a metastatic cell. In a separate embodiment, the 
neoplastic, human cell is a human prostatic carcinoma 
cell derived from cell line LNCaP (ATCC No. CRL 1740) . 
In another embodiment, the neoplastic, human cell is a 

10 human breast carcinoma cell derived from cell line T47D 
(ATCC No. HTB133) . In another embodiment, the 

neoplastic, human cell is a human glioblastoma multiform 
(stage IV astrocytoma) cell derived from a primary tumor. 
In a further embodiment, the neoplastic, human cell is a 

15 patient -derived metastatic colon carcinoma. 

In a separate embodiment, the DNA encoding the selectable 
or identifiable trait is plasmid DNA encoding resistance 
to an antibiotic. In a further embodiment, the plasmid 
20 DNA comprises pSV2-Neo and the selection is by the 
antibiotic G418. 

The cell surface antigen of the above -described method 
includes but not limited to a tumor associated antigen, 

25 a growth factor receptor, a viral-encoded surface- 
expressed antigen, a oncogene product, a surface epitope, 
a membrane protein which mediates classical multi-drug 
resistance, a membrane protein which mediates atypical 
multi-drug resistance, an antigen which mediates a 

30 tumorigenic phenotype, an antigen which mediates a 
metastatic phenotype, an antigen which suppresses a 
tumoriaenic phenotype, an antigen which suppresses a 
metastatic phenotype and cytokine receptors including the 
human interferon a and interferon y receptors. 
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In an embodiment, the cell surface antigen is an antigen 
which is recognized by a specific immunological effector 
cell. In a further embodiment, the specific 

immunological effector cell is a T-cell. 

5 

In a separate embodiment, the cell surface antigen is an 
antigen which is recognized by a non-specific 
immunological effector cell. In a further embodiment, 
the non-specific immunological effector cell is a 
10 macrophage cell. In a still further embodiment, the non- 
specific immunological effector cell is a natural killer 
cell . 

This invention provides the DNA prepared the above- 
15 described method. This invention also provides nucleic 
acid probes hybridizable with the isolated DNA molecule. 
The nucleic acid probe may be DNA or RNA. In an 
embodiment, the nucleic acid probe is labeled with a 
detectable marker. In a further embodiment, the DNA 
20 probe is labeled with a detectable marker. 

This invention also provides a method of diagnosing in a 
subject a neoplastic condition which comprises contacting 
a sample from the subject with the above -described DNA 
25 probe under conditions permitting the DNA probe to 
hybridize with the DNA associated with the neoplastic 
condition, detecting the presence of hybridized DNA, and 
thereby diagnosing the neoplastic condition. 



30 



This invention also provides monoclonal antibody 
designated Pro 1.1.; monoclonal antibody designated Pro 
12.; monoclonal antibody designated Pro 1.3., • monoclonal 
antibody designated Pro 1.4.; and monoclonal antibody 
designated Pro 1.5. 
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This invention provides an isolated mammalian nucleic 
acid molecule having the sequence of Prostate Carcinoma 
Tumor Antigen Gene-1. The nucleic acid molecule may be 
DNA, cDNA or RNA. This invention also provides isolated 
5 human nucleic acid molecule. 

The nucleic acid molecules described and claimed herein 
are useful for the information which they provide 
concerning the amino acid sequence of the polypeptide and 

10 as products for the large scale synthesis of the 
polypeptide by a variety of recombinant techniques. The 
molecule is useful for generating new cloning and 
expression vectors, transformed and transfected 
prokaryotic and eukaryotic host cells, and new and useful 

15 methods for cultured growth of such host cells capable of 
expression of the polypeptide and related products. 

This invention also provides nucleic acid molecule of at 
least 15 nucleotides capable of specifically hybridizing 
20 with a sequence of Prostate Carcinoma Tumor Antigen Gene- 
1. 

This nucleic acid molecule produced can either be DNA or 
RNA. As used herein, the phrase "specifically 

25 hybridizing" means the ability of a nucleic acid molecule 
to recognize a nucleic acid sequence complementary to its 
own and to form double-helical segments through hydrogen 
bonding between complementary base pairs. 

30 This nucleic acid molecule of at least 15 nucleotides 
capable of specifically hybridizing with a sequence of a 
Prostate Carcinoma Tumor Antigen Gene-1 can be used as a 
probe. Nucleic acid probe technology is well known to 
those skilled in the art who will readily appreciate that 

35 such probes may vary greatly in length and may be labeled 
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with a detectable label, such as a radioisotope or 
fluorescent dye, to facilitate detection of the probe. 
DNA probe molecules may be produced by insertion of a 
Prostate Carcinoma Tumor Antigen Gene-1 DNA molecule into 
5 suitable vectors., such as plasmids or bacteriophages, 
followed by transforming into suitable bacterial hose 
cells, replication in the transformed bacterial host 
cells and harvesting of the DNA probes, using methods 
well known in the art. Alternatively, probes may be 
10 generated chemically from DNA synthesizers. 

RNA probes may be generated by inserting the Prostate 
Carcinoma Tumor Antigen Gene-1 DNA molecule downstream of 
a bacteriophage promoter such as T3, T7 or SP6 . Large 
15 amounts of RNA probe may be produced by incubating the 
labeled nucleotides with the linearized DNA fragment 
where it contains an upstream promoter in the presence of 
the appropriate RNA polymerase. 

20 This invention provides an isolated * mammalian nucleic 
acid molecule having the sequence of Prostate Carcinoma 
Tumor Antigen Gene-1 operatively linked to a promoter of 
RNA transcription. 

25 This invention also provides vectors which comprises the 

isolated mammalian nucleic acid molecule having the 

sequence of Prostate Carcinoma Tumor Antigen Gene-1. In 
an embodiment, the vector is a plasmid. 

30 This invention also provides the plasmid designated PCTA- 
1. This plasmid, PCTA-1, was deposited on January 11, 
1995 with the American Type Culture Collection (ATCC) , 
12301 Parklawn Drive, Rockville, Maryland 20852, U.S.A. 
under the provisions of the Budapest Treaty for the 

35 international Recognition of the Deposit of Microorganism 
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for the Purposes of Patent Procedure. Plasmid, PCTA-I, 
was accorded ATCC Accession Number 97201. 

PCTA-l gene contains 3850 bp. It was cloned into the ' 
5 Xhol and EcoRI . sites of the pBluescript vector. T3 
promoter is close to 5' end and T7 promoter to 3' end of 
PCTA- 1 . 

This invention also provides an antisense oligonucleotide 
10 having a sequence capable of specifically hybridizing to 
an mRNA molecule encoding the Prostate Carcinoma Tumor 
Antigen Gene-1 protein so as to prevent translation of 
the mRNA molecule. 

15 This invention also provides methods of detecting 
expression of the Prostate Carcinoma Tumor Antigen Gene-1 
in a sample which contains cells comprising steps of: (a) 
obtaining total RNA from the cells; (b) contacting the 
RNA so obtained with a labelled nucleic acid molecule of 

20 claim 7 under hybridizing conditions; and (c) 
determining the presence of RNA hybridized to the 
molecule, thereby detecting the expression of the 
Prostate Carcinoma Tumor Antigen Gene-1 in the sample. 

25 This invention provides methods of detecting expression 
of the Prostate Carcinoma Tumor Antigen Gene-1 in tissue 
sections which comprises steps of: (a) contacting the 
tissue sections with a labelled nucleic acid probe under 
hybridizing conditions permitting hybridization of the 

30 probe and the RNA of Prostate Carcinoma Tumor Antigen 
Gene-1; and (b) determining the presence of RNA 
hybridized to the probe, thereby detecting the expression 
of the Prostate Carcinoma Tumor Antigen Gene-1 in tissue 
sections . 
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This invention also provides the above -described isolated 
mammalian nucleic acid molecule operatively linked to a 
promoter of RNA transcription. 

This invention also provides a vector which comprises the 
above -described isolated mammalian nucleic acid molecule. 
In an embodiment, the vector is a plasmid. In another 
embodiment, the vector is a virus. In a further 

embodiment, the virus is a DNA virus. In a still further 
embodiment, the virus is an RNA virus. In another 
embodiment, the virus is a retrovirus. 



This invention provides purified mammalian Prostate 
Carcinoma Tumor Antigen Gene-1 protein. This invention 
15 also provides polypeptides encoded by the above -described 
isolated mammalian nucleic acid molecules. 

This invention also provides antibodies capable of 
specifically binding to the mammalian Prostate Tumor 
inducing Gene-1 protein. This invention also provides an 
antibody capable of competitively inhibiting the binding 
of the above antibodies with the mammalian Prostate Tumor 
inducing Gene-1 protein. In an embodiment, these 
antibodies are monoclonal. 



This invention also provides a pharmaceutical composition 
comprising the above -described antibody and a 
pharmaceutical^ acceptable carrier. This invention also 
provides a therapeutic agent comprising the above- 
described antibodies and a cytotoxic agent. The 
cytotoxic agent may be a radioisotope or toxin. 

This invention provides methods for measuring the amount 
of a mammalian Prostate Carcinoma Tumor Antigen Gene-1 
35 protein in a biological sample comprising steps of:a) 
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contacting the biological sample with the specifc 
antibody directed to the mammalian Prostate Carcinoma 
Tumor Antigen Gene-l protein under the condition 
permitting the formation of a complex with said antibody 
and the mammalian Prostate Carcinoma Tumor Antigen Gene-1 
protein, and b) measuring the amount of said complex, 
thereby measuring the amount of the Prostate Carcinoma 
Tumor Antigen Gene-1 protein, in said biological sample. 
In an embodiment, the sample is a serum sample. 



This invention also provides methods to determining 
whether a subject carries a cancer with metastatic 
potential comprising steps of : (a) measuring the amount of 
Prostate Carcinoma Tumor Antigen Gene-1 protein in the 
15 serum sample of the subject; and (b) comparing the amount 
determined in step (a) with the amount determined from 
the sample of a healthy subject. 

This invention provides methods for determining whether 
20 a compound is capable of inhibiting the expression of 
Prostate Carcinoma Tumor Antigen Gene-1 protein 
comprising steps of: (a) contacting the transformed cells 
of claim 19 with an appropriate amount of the compound 
under conditions permitting the compound to inhibit 

25 expression of Prostate Carcinoma Tumor Antigen Gene-1 
protein; and (b) detecting the level of the Prostate 
Carcinoma Tumor Antigen Gene-1 protein expression, a 
decrease in the expression level indicating that the 
compound is capable of inhibiting the expression of 

30 Prostate Carcinoma Tumor Antigen Gene-1 protein. 

This invention provides methods for determining whether 
a compound is capable of specifically binding to the 
Prostate Carcinoma Tumor Antigen Gene-1 protein 
35 comprising steps of: (a) contacting an appropriate amount 
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of the purified Prostate Carcinoma Tumor Antigen Gene-1 
protein with an appropriate amount of the compound under 
conditions permitting formation of a complex between the 
compound and the purified protein; (b) detecting such 
5 complex, the presence of the complex indicating that the 
compound is capable of binding to the receptor. 

This invention provides pharmaceutical compositions 
comprising an effective amount of the compound capable of 
10 either binding or inhibiting the activity of the Prostate 
Carcinoma Tumor Antigen Gene-1 protein as determined by 
the above-methods and a pharmaceutical carrier. 

This invention also provides a method of treating cancer 
15 with metastatic potential in a subject comprising 
administering effective amount of the above 
pharmaceutical composition, therapeutic agent alone or in 
combination of, to the subject. 

20 This invention provides an isolated mammalian nucleic 
acid molecule having the sequence of Prostate Tumor 
Inducing Gene-1. The nucleic acid molecule can be DNA, 
cDNA, genomic DNA, synthetic DNA or RNA. This invention 
also provides human nucleic acid molecule. 

This invention further provides a nucleic acid molecule 
of at least 15 nucleotides capable of specifically 
hybridizing with a sequence of Prostate Tumor Inducing 
Gene-1 . 

This invention provides an isolated mammalian nucleic 
acid molecule having the sequence of Prostate Tumor 
Inducing Gene-1 operatively linked to a promoter of RNA 
transcription. 
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This invention provides a method of detecting expression 
of a Prostate Tumor Inducing Gene-1 in a cell which 
comprises obtaining total mRNA from the cell, contacting 
the mRNA so obtained with a labelled nucleic acid 
5 molecule of at least 15 nucleotides capable of 
specifically hybridizing with a sequence of Prostate 
Tumor Inducing Gene-1 under conditions permitting 
hybridization, and determining the presence of mRNA 
hybridized to the molecule, thereby detecting the 
10 expression of the Prostate Tumor Inducing Gene-l in the 
cell . 

In one embodiment of this invention, nucleic acids are 
extracted by precipitation from lysed cells and the mRNA 

15 is isolated from the extract using an oligo-dT column 
which binds the poly-A tails of the mRNA molecules. The 
mRNA is then exposed to a radioactively labelled probe on 
a nitrocellulose membrane, and the probe hybridizes to 
and thereby labels complementary mRNA sequences. Binding 

20 may be detected by luminescence autoradiography or 
scintillation counting. However, other methods for 
performing these steps are well known to those skilled in 
the art, and the discussion above is merely an example. 

This invention also provides a method of detecting 
expression of a Prostate Tumor Inducing Gene-1 in tissue 
sections which comprises contacting the tissue sections 
with a labelled nucleic acid molecule of at least 15 
nucleotides capable of specifically hybridizing with a 
sequence of Prostate Tumor Inducing Gene-1 under 
hybridizing conditions, determining the presence of mRNA 
hybridized to the molecule, and thereby detecting the 
expression of the Prostate Tumor Inducing Gene-1 in 
tissue sections. 
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The probes are also useful for in-situ hybridization or 
in order to locate tissues which express this gene, or 
for other hybridization assays for the presence of this 
gene or its mRNA in various biological tissues. The in- 
situ hybridization using a labelled nucleic acid molecule 
is well known in the art. Essentially, tissue sections 
are incubated with the labelled nucleic acid molecule to 
allow the hybridization to. occur. The molecule will 
carry a marker for the detection because it is 
-labelled", the amount of the hybrid will be determined 
based on the detection of the amount of the marker and so 
will the expression of the Prostate Tumor Inducing Gene- 



1 



15 This invention provides an isolated mammalian nuclei 
acid molecule having the sequence of the Prostate Tumor 
inducing Gene-1 operatively linked to a promoter of RNA 
transcription. 

20 The isolated mammalian nucleic acid molecule having the 
sequence of the Prostate Tumor Inducing Gene-1 can be 
linked to vector systems. Various vectors includxng 
plasmid vectors, cosmid vectors, bacteriophage vectors 
and other viruses are well known to ordinary skilled 

25 practitioners. 

This invention also provides vectors which comprises the 
isolated mammalian nucleic acid molecule having the 
sequence of the Prostate Tumor Inducing Gene-1. In an 
30 embodiment, the vector is a plasmid. 

in an embodiment, the Prostate Tumor Inducing Gene-1 
sequence is cloned in EcoRI/XhoI site of the Bluescrxpt 
vector. This plasmid, PTI-1. clone 18, was deposited on 
35 January 11, 1995 with the American Type Culture 
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Collection (ATCC) , 12301 Parklawn Drive, Rockville, 
Maryland 20852, U.S.A. under the provisions of the 
Budapest Treaty for the International Recognition of the 
Deposit of Microorganism for the Purposes of Patent 
5 Procedure. Plasmid, PTI-1, was accorded ATCC Accession 
Number 97020. 

PTI-I gene is determined by RACE from 1 to 215 bp and the 
rest by PTI-1, clone. The plasmid PTI-1 is clone 18, 
10 contains 1937 bp (29 bp + 1908 bp) insert in pBluescript 
vector EcoRI (5' end of insert) and Xhol (3' polyA side) . 

The 1937 bp insert can be cut out by restriction enzymes 
Xhol + EcoRI. 5' end of insert is close to T3 promoter, 
15 3' end is close to T7 promoter. 

Experiments demonstrate that the 29 bp sequence of insert 
comes from the secondary structure of RNA so that this 29 
bp sequence was not shown in complete sequence of PTI-I 
20 gene (see Fig. 8), and replaced by the right sequence 
obtained from RACE method. 

The first 29 bp sequence is: 

5 • CGGCCCGAGCTCGTGCCGAATTCGGCCCGAGAGCGTTAAAGTGTGATGGCGTA 
25 CATCTT. The sequence from 30-1937 bp (1907 bp) is the 
sequence 216-2,123 bp (1907 bp) in complete sequence of 
PTI-1 (Fig. 8) . 

As an example to obtain these vectors, insert and vector 
3 0 DNA can both be exposed to a restriction enzyme to create 
complementary ends on both molecules which hybridize with 
each other and. are then ligated together with DNA ligase. 
Alternatively, linkers can be ligated to the insert DNA 
which correspond to a restriction site in the vector DNA, 
35 which is then digested with the restriction enzyme which 
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cuts at that site. Other means to obtain the vectors are 
also available and known to an ordinary skilled 
practitioner. 

This invention provides a host vector system for the 
production of a polypeptide having the biological 
activity of a mammalian Prostate Tumor Inducing Gene-1 
protein which comprises the above described vectors and 
a suitable host. These vectors may be transformed into 
a suitable host cell to form a host cell vector system 
for the production of a polypeptide. 



Regulatory elements required for expression include 
promoter sequences to bind RNA polymerase and 

15 transcription initiation sequences for ribosome binding. 
For example, a bacterial expression vector includes a 
promoter such as the lac promoter and for transcription 
initiation the Shine-Dalgarno sequence and the start 
codon AUG. Similarly, a eukaryotic expression vector 

20 includes a heterologous or homologous promoter for RNA 
polymerase II, a downstream polyadenylation signal, the 
start codon AUG, and a termination codon for detachment 
of the ribosome. Such vectors may be obtained 
commercially or assembled from the sequences described by 

25 methods well known in the art, for example, the methods 
described above for constructing vectors in general. 

This invention also provides a method of producing a 
polypeptide having the biological activity of a mammalian 
Prostate Tumor Inducing Gene-1 protein which comprises 
growing the host cells of the above described host vector 
system under suitable conditions permitting production of 
the polypeptide and recovering the polypeptide so 
produced. 
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This invention also provides mammalian cells comprising 
the above -described nucleic acid molecule. 

This invention provides purified mammalian Prostate Tumor 
5 Inducing Gene- 1 protein. This invention also provides a 
polypeptide encoded by the isolated mammalian nucleic 
acid molecule having the sequence of Prostate Tumor 
Inducing Gene-1 protein. 

10 This invention also provides a method to produce an 
antibody using the above -described mammalian Prostate 
Tumor Inducing Gene-1 protein. 

This invention provides an antibody capable of binding 
15 specifically to the mammalian Prostate Tumor Inducing 
Gene-1 protein. In an embodiment, the antibody is a 
monoclonal antibody. 

This invention also provides a therapeutic agent 
20 comprising the above -described antibody and a cytoxic 
agent. In an embodiment, the cytotoxic agent is either 
a radioisotope or toxin. 

This invention further provides an immunoassay for 
25 measuring the amount of a mammalian Prostate Tumor 
Inducing Gene-1 protein in a biological sample comprising 
steps of: a) contacting the biological sample with at 
least one of the above -described antibodies to form a 
complex with said antibody and the mammalian Prostate 
30 Tumor Inducing Gene-1 protein; and b) measuring the 
amount of the Prostate Tumor Inducing Gene-1 protein in 
said biological sample by measuring the amount of said 
complex. 
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oncogenic transformation of cells comprising inactivating 
the expression of the expression of the 5'-UTR of 
Prostate Tumor Inducing Gene-1- In an embodiment, the 
the inactivation is carried out by deleting the complete 
5 or a portion of the 5'-UTR sequence. 

This invention provides an isolated mammalian nucleic 
acid molecule having the sequence of Prostate Tumor 
Inducing Gene-2. The nucleic acid molecule can be DNA, 
10 cDNA, genomic DNA, synthetic DNA or RNA. This invention 
also provides human nucleic acid molecule. 

This invention further provides a nucleic acid molecule 
of at least 15 nucleotides capable of specifically 
15 hybridizing with a sequence of Prostate Tumor Inducing 
Gene-2. 

This invention provides an isolated mammalian nucleic 
acid molecule having the sequence of Prostate Tumor 
20 Inducing Gene-2 operatively linked to" a promoter of RNA 
transcription. 

This invention also provides vectors which comprises the 
isolated mammalian nucleic acid molecule having the 
25 sequence of Prostate Tumor Inducing Gene-2. In an 
embodiment, the vector is a plasmid. 

This invention also provides the plasmid designated PTI- 
2. This plasmid, PTI-2, was deposited on January 11, 

30 1995 with the American Type Culture Collection (ATCC) , 
12301 Parklawn Drive, Rockville, Maryland 20852, U.S.A. 
under the provisions of the Budapest Treaty for the 
International Recognition of the Deposit of Microorganism 
for the Purposes of Patent Procedure. The plasmid, PTI- 

35 2, was accorded with ATCC Accession Number 69742. 
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PTI-2 contains 1819 bp DNA. It was cloned into the Xhol 
and EcoRI site of the pBluescript vector. T3 promoter is 
close to the 5' -end and T7 promoter to the 3 '-end of PTI- 
2. THe (1819 bp) insert of PTI-2 can be cut out with 
5 Xhol and EcoRI enzyme. 

This invention provides an isolated mammalian nucleic 
acid molecule having the sequence of Prostate Tumor 
Inducing Gene-3. The nucleic acid molecule can be DNA, 
10 cDNA, genomic DNA, synthetic DNA or RNA. This invention 
also provides human nucleic acid molecule. 

This invention further provides a nucleic acid molecule 
of at least 15 nucleotides capable of specifically 
15 hybridizing with a sequence of Prostate Tumor Inducing 
Gene-3. 

This invention provides an isolated mammalian nucleic 
acid molecule having the sequence of Prostate Tumor 
20 Inducing Gene-3 operatively linked to a promoter of RNA 
transcription. 

This invention also provides vectors which comprises the 
isolated mammalian nucleic acid molecule having the 
25 sequence of Prostate Tumor Inducing Gene-3. In an 
embodiment, the vector is a plasmid. 

This invention also provides the plasmid designated PTI- 
3. This plasmid, PTI-3, was deposited on January 11, 

30 1995 with the American Type Culture Collection (ATCC) , 
12301 Parklawn Drive, Rockvi lie, Maryland 20852, U.S.A. 
under the provisions of the Budapest Treaty for the 
international Recognition of the Deposit of Microorganism 
for the Purposes of Patent Procedure. Plasmid, PTI-3, 

35 was accorded ATCC Accession Number 97022. 
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PTI-3 is a partial sequence of the gene. A 1869 bp DNA 
of PTI-3 is inserted into PCR™II vector (3.9 kb) . 5' -end 
of the insert is adjacent to Sp-6 promoter and 3 '-end is 
adjacent to T7 promoter. 

The insert can be cut out with EcoRI restriction enzyme 
to obtain the 186 9 bp DNA (with extra 5 bp vector 
sequence at both sides) . 

This invention will be better understood from the 
Experimental Details which follow. However, one skilled 
in the art will readily appreciate that the specific 
methods and results discussed are merely illustrative of 
the invention as described more fully in the claims which 
follow thereafter. 
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First Series of Experiments 
Mat rials and Methods 

Cell types and Culture Conditions 

The CREF-Trans 6 cells line (11) is a specific subclone 
' of the Fischer F2408 rat embryo fibroblast (CREF) cell 
line that displays an increased sensitivity for 
expression of transfected genes compared with parental 
10 CREF cells (12) . The LNCaP cell line was derived from 
metastases from a patient with advanced prostate cancer 
(13) and was provided by Dr. A. K. Ng (Department of 
Pathology, Columbia University, College of Physicians and 
Surgeons, New York, N.Y.). and Dr. Steven Harris (W. 
15 Alton Jones Cell Science Center, New York, N.Y.) . CREF- 
Trans 6 : 4 NMT cells were derived from a tumor induced in 
a nude mouse following injection of G418-resistant CREF- 
Trans 6 cells cotransfected with DNA from LNCaP cells and 
a dominant -acting neomycin resistance gene ( P SV2neo) 
20 (ID CREF-Trans 6:4-7 NMT cells were derived from a 
tumor induced in a nude mouse following injection of 
G4l8-resistant CREF-Trans 6 cells contransf ected with DNA 
from CREF-Trans 6:4 NMT cells and the pSV2neo plasmid 
(11) MDR CREF-Trans 6 cells were produced by 

25 transfecting CREF-Trans 6 cells with an expression vector 
plasmid containing a human MDR (also known as PGY1) gene 
(pHaMDRl/A) (14), which was provided by Dr. Michael M. 
Gottesman (National Cancer Institute, Bethesda, MD.) and 
selecting for colchicine resistance as previously 
30 described (15) - 

For this study, four independent CREF-Trans 6 MDR clones 
were used: 1) CREF-Trans 6 :MDR Al , 2) CREF-Trans 6 :MDR 
C3, 3) CREF-Trans 6-.MDR D2 , and 4) CREF-Trans 6 :MDR F4 . 
35 All four CREF-Trans 6 MDR clones displayed increased 
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resistance to colchicine versus parental CREF-Trans 6 
cells, and they were cross-resistant to vincristine, 
doxorubicin, and dactinomycin (data not shown) . The 
human prostatic carcinoma cell lines DU-145 and PC-3 were 
5 obtained from the American Type Culture Collection 
(Rockville, MD.) The human breast carcinoma cell line 
MCF7 was provided by Dr. John W. Greiner (National Cancer 
Institute)-. MCF7 CL4 CI (MCF7 CL4) is a single-cell - 
derived subclone of MCF7 established in one of 
10 applicants' laboratories at Columbia University. MDR 
MCF7 CL4 subclones (MCF7 CL4 : MDR 1, MCF7 CL4 : MDR II and^ 
MCF7 CL4-.MDR III) were obtained in a manner similar to 
that used for CREF-Trans 6 MDR clones. MCF7 CL4 : MDR I, 
MCF7 CL4:MDR II and MCF7 CL4 : MDR III cells contained MDR1 
15 messenger RNA (mRNA) , expressed the 170-kd P- 
glycoprotein, and displayed increased resistance to 
colchicine and vincristine compared with MCF7 and MCF7 
CL4 cells (data not shown). GBM-18 tumor cells were 
derived from a patient with a stage IV astrocytoma 
20 (glioblastoma multiforme) (16). Normal human skin 
fibroblasts, NHSF-1, were established from a skin biopsy 
and provided by Dr. Armand F. Miranda (Department of 
Pathology, Columbia University) (17). The human melanoma 
cell line H0-1 was provided from a 49-year-old woman and 
25 was provided by Dr. Beppino Giovanella (Stehlin 
Foundation for Cancer Research, Houston, Tex.) (18) . The 
human melanoma cell line MeWo was provided by Dr. Robert 
S. Kerbel (Sunnybrook Health Science Center, Toronto, 
Canada) . The human colon carcinoma cell lines WiDr and 
LS174T were provided by Dr. John W. Greiner. 
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CREF-Trans 6, CREF-Trans 6 MDR subclone, CREF-Trans 6:4 
NMT, CREF-Trans 6:4-7 NMT, H0-1 and MeWo cells were 
grown, at 37 °C in Dulbecco's modified Eagle's medium 
35 supplemented with 5% fetal bovine serum. Normal human 
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skin fibroblasts (NHSF-1) as well as the LNCaP ,WiDr. 
LS174T, MCF7 and MCF7 CL4 cells and the MCF7 CL4 MDR 
subclone cells were grown in Dulbecco's modified Eagle's 
medium supplemented with 10% fetal bovine serum. All 
cells were maintained in the logarithmic phase of growth 
by culturing at a 1:5 or 1:10 ratio of resuspended cells 
to fresh medium prior to confluence. 

Preparation of Mouse Polyclonal Antibodies, 
Enzyme -Linked Immunosorbent Assay, and SEM 



BALB/c female mice (8-10 weeks old) (Charles River 
Breeding Laboratories, Wilmington, Mass.) were 
hyperimmunized with CREF-Trans 6 cells. Their care was 
15 in accordance with institutional guidelines. Animals 
received one subcutaneous injection of manually 
resuspended CREF-Trans 6 cells mixed with complete 
Freund's adjuvant (1:1) on day 0. On day 7, animals 
received a subcutaneous injection of manually resuspended 
20 CREF-Trans 6 cells mixed with incomplete Freund's 
adjuvant (1:1). On days 14 and 21, animals received an 
intraperitoneal injection of manually resuspended CREF- 
trans 6 cells in Hanks' phosphate-buffered solution. On 
day 35, mice were bled from the retro-orbital eye socket, 
25 and the sera were prepared and tested for anti- CREF-Trans 
6 activity by enzyme- linked immunosorbent assay. For 
these assays, CREF-Trans 6 cells were grown in 96-well 
microtiter plates to near confluence. Cells were fixed 
with 3.7% formalin in phosphate-buffered solution (5 
30 minutes at room temperature) and blocked with 10% normal 
goat serum (60 minutes at 37°C ) . The anti -CREF-Trans 6 
antisera were titered against fixed CREF-Trans 6 cells 
(serial dilutions of antisera, 2 hours at 37°C) . Binding 
to CREF-Trans 6 cells was detected using a goat anti- 
35 mouse immunoglobulin secondary antibody conjugated to 
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horseradish peroxidase (60 minutes at 37«C) . 3,3', 5,5' . 
tetramethylbenzidine (Kirkegaard and Perry, Gaithersburg, 
M D ) was added in the presence of H,0 2 and positive 
binding was monitored by a color change and quantitated ■ 
by spectrophotometer (19) . 

in this study, the SEM procedure involved the coating of 
transfected CREF-Trans 6 cells with high- titer mouse 
anti-CREF-Trans 6 antisera to block the rat antigenic 
molecules prior to hyperimmunizing BALB/c mice. One to 
3 million transfected CREF-Trans 6 cells were incubated 
overnight at 4°C with a 1:100 dilution of mouse anti-^ 
CREF-Trans 6 antisera. Prior to the injection of 
polyclonal antibody- coated transfected CREF-Trans 6 cells 
into BALB/c mice, cells were first incubated in 1% 
neutral -buffered formalin for 5 minutes at 4°C. Mice 
were given four injections of formalin- fixed cells over 
a 21-day period using a protocol similar to that utilized 
for developing mouse anti-CREF-Trans 6 antisera. The 
spleens of hyper immunized mice were removed, and spleen 
cells were isolated and fused with NS1 murine myeloma 
cells (American Type Culture Collection) to form 
hybridomas as previously described (19) . 

Immunoprecipitation Analysis 

immunoprecipitation analysis was performed as described 
previously (20). CREF-Trans 6, CREF-Trans 6:4 NMT, CREF- 
Trans 6:4-7 NMT, LNCaP, and DU-145 cells were grown to 
80% confluence in 6-cm plates, starved of methionine for 
1 hour at 37°C in methionine- free medium (20) and labeled 
for 2 hours at 37°C in 1 mL of the same medium with 1 mCi 
of t 35 S] methionine (Express 35 S; NEN Chemicals, Boston, 
Mass) . Cell lysates were prepared and immunoprecipitated 
with the Pro- 1.4 monoclonal antibody (produced by 
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hybridomas prepared using the SEM procedure with CREF- 
Trans 6:4 NMT cells) as described previously (20). 

Fluorescence -Activated Cell Sorter Analysis 

Fluorescence-activated cell sorter (FACS) analysis was 
performed as described previously (21,22). Results are 
expressed as mean fluorescence intensity units. 
Monoclonal antibodies specific for human leukocyte 
antigen class I antigens were supplied by Dr. Soldano 
Ferrone (New York Medical College, Valhalla) . All 
studies were performed a minimum of three times with 
duplicate samples in each experiment. Replicate samples 
within individual experiments varied 10% or less, and the 
variation between experiments was generally 20% or less. 



Experimental Results 



Development of Monoclonal Antibodies Reacting 
With MDR CREF -Trans 6 and MCF7 cells 

To determine the feasibility of the SEM approach for 
developing monoclonal antibodies reactive with cell- 
surface antigens on transfected target cells, applicants 
performed initial studies using a defined molecule 
expressed on the cell surface, i.e., the typical MDR gene 
product. A schematic of the SEM protocol is shown in 
Fig. 1. Overexpression of the MDR1 gene results in an 
increased quantity of the 170-kd membrane glycoprotein 
(P-glycoprotein) , which functions as an adenosine 
triphosphate-dependent drug efflux pump [reviewed 
in(23)]. CREF-Trans 6 cells were transfected with the 
pHaMDRl /A expression vector (14) , and clones surviving in 
colchicine were isolated. CREF-Trans 6:MDR clones 
produced MDR1 mRNA, expressed the 170-kd P-glycoprotein, 
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and displayed cross-resistance to other chemotherapeutic 
agents, including vincristine, doxorubicin, and 
dactinotnycin (data not shown) . An MDR CREF-Trans 6 clone 
(i.e., CREF-Trans 6 :MDR Al) was used in combination with 
5 the SEM procedure to generate monoclonal antibodies 
specific for the MDR P-glycoprotein. CREF-Trans 6 :MDR Al 
cells were coated with polyclonal antibody produced 
against CREF-Trans 6 cells fixed in formalin and injected 
four times over a 21-day period into BALB/c mice. Spleen 

10 cells were isolated and fused with the NS1 murine myeloma 
cell line, resulting in hybridomas secreting monoclonal 
antibodies reacting with outer epitopes of the P- 
glycoprotein on additional independently derived CREF- 
Trans 6 :MDR clones (Fig. 2). The four monoclonal 

15 antibodies specific for the P-glycoprotein, MDR 2.3, MDR 
3.6, MDR 8.12 and MDR 9.7, reacted with CREF-Trans 6 :MDR 
Al, CREF-Trans 6: MDR C3. CREF-Trans 6: MDR D2, and CREF- 
Trans 6 :MDR F4 cells. In contrast, the different SEM- 
derived MDR monoclonal antibodies did not react with a 

20 large number of non-MDR cells, including CREF-Trans 6, 
CREF-Trans 6 : 4 NMT, LNCaP , MCF7, WiDr, LS174T, H0-1, 
MeWo, NHSF-1 or GBM-18 (data not shown) . 

Applicants then determined if an additional cell type 
25 expressing the same MDR1 gene and the MDR phenotype as 
CREF-Trans 6:MDR Al cells also contained the same P- 
glycoprotein surface antigenic epitopes. MDR MCF7 CL4 
cells were developed by transfection with pHaMDRl/A and 
selection for colchicine resistance. MCF7 parental cells 
30 and the single-cell-derived MCF7 subclone, MDF7 CL4, did 
not display the MDR phenotype and did not react with 
monoclonal antibodies MDR 2.3, MDR 3.6, MDR 8.12, or MDR 
9.7 (Fig 3). However, both MCF7 and MCF7 CL4 cells 
reacted with human leukocyte antigen class I monoclonal 
35 antibodies. A series of independently derived MDR MCF7 
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CL4 subclones, including MCF7 CL4 : MDR I, MCF7 CL4 :MDR 
II and MCF7 CL4-.MDR III cells, was found to react with 
both the human leukocyte antigen class I and SEM-derived 
MDR monoclonal antibodies (Fig. 3). These results 
indicate that monoclonal antibodies developed using the 
SEM approach with transfected CREF-Trans 6 cells can also 
react with additional cell types expressing the same 
surface-localized molecules.. 

Development of Monoclonal Antibodies Reacting 
With Human Prostatic Carcinoma Cells 

Cotransfection of CREF-Trans 6 cells with high-molecular- 
weight DNA from the human prostatic carcinoma cell line 
LNCaP and pSV2neo plasmid, followed by selection for G418 
resistance and injection into nude mice, results in tumor 
formation (11) . To determine if tumor-derived CREF-Trans 
6 cells display novel surface molecules related to the 
original transforming human tumor DNA, applicants used 
the SEM procedure with a primary nude mouse tumor-derived 
cell line, CREF-Trans 6:4 NMT (11). Cells were coated 
with CREF-Trans 6 polyclonal antibodies, fixed m 
formalin, and injected repeatedly into BALB/c mice. As 
described above for MDR CREF-Trans 6 cells, hybridomas 
were produced, and specific hybridomas were identified 
that produced monoclonal antibodies reacting with both 
primary tumor-derived (CREF-Trans 6:4 NMT) and secondary 
tumor-derived (CREF-Trans 6:4-7 NMT) cells (Fig 4). 
These monoclonal antibodies, designated Pro 1.1, Pro 1.2, 
Pro 13, Pro 1.4 and Pro 1.5 did not react by FACS 
analysis with CREF-Trans 6, NHSF-1, GBM-18, WiDr, LS174T, 
MeWo, or H0-1 cells (data not shown). All five 
monoclonal antibodies did, however, react with LNCaP 
cells, and specific Pro monoclonal antibodies also 
reacted (as demonstrated by FACS analysis) with two 
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additional human prostatic carcinoma cell lines, PC-3 and 
DU-145 . 

The degree of surface binding of the different Pro 
5 monoclonal antibodies to the same cell type varied, 
suggesting that these monoclonal antibodies may recognize 
different epitopes on the same tumor-associated antigen. 
With the majority of the Pro monoclonal antibodies, 
binding was greater with LNCaP cells than with CREF-Trans 
10 6:4 NMT or CREF-Trans 6:4-7 NMT cells. In the case of 
PC-3 and DU-145 human prostatic carcinoma cells, f our ^ 

(1.2, 1.3, 1.4 and 1.5) of the five Pro monoclonal v 
antibodies bound to PC-3 cells, whereas low-level binding 
was apparent only with Pro 1.2, 1.4 and 1.5 in DU-145 
15 cells. Preliminary FACS analysis also indicated that Pro 

1.1, 1.3 and 1.5 displayed significant binding to the 

surface of two human breast carcinoma cell lines, T47D 

and MCF7 (data not shown) . 

20 To obtain additional information about the Pro monoclonal 
antibodies generated using the SEM approach, applicants 
performed immunoprecipitation analysis of polypeptides 
encoded by transfected CREF-Trans 6 and human prostatic 
carcinoma cells (Fig. 5). Cells were labeled with [»S] 
25 methionine, and cell lysates were prepared and combined 
with monoclonal antibody Pro -1.4. Immunoprecipitates 
were analyzed by sodium dodecyl sulf ate-polyacrylamrde 
gel electrophoresis (19) . A protein of approximately 42 
kd was immunoprecipitated from cell lysates produced from 
30 CREF-Trans 6:4 NMT, CREF-Trans 6:4-7 NMT, LNCaP, and DU- 
145 (Fig. 5). In contrast, this potentially new tumor- 
associated antigen was not detected in cell lysates 
obtained from CREF-Trans 6, NHSF-1, GBM-18. WiDR, MeWo, 
or H0-1 cells (Fig. 5 and data not shown) . The relative 
35 quantity of the immunoprecipitated 42 kd tumor-associated 
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antigen was greatest in CREF Trans 6:4-7 NMT and LNCaP 
cells which also displayed the highest level of surface 
binding using monoclonal antibody Pro 1.4 and FACS 
analysis (Fig 4) . These results indicate that the SEM 
procedure can be used to generate monoclonal antibodies 
recognizing surf ace -expressed human antigens expressed on 
transfected CREF-Trans 6 cells containing unidentified 
human transforming genes that encode tumor-associated 
antigens expressed on the cell surface. 

Experimental Discussion 

In many classes of neoplastic cells, unique sets of 
tumor-associated antigens are present that are not 
expressed or are expressed at lower levels compared with 
normal cellular counterparts [reviewed in (2-6)]. The 
classical approach for detecting these molecules is to 
use intact cells or cell membrane preparations from tumor 
cell lines or primary tumor samples to generate 
hybridomas, producing monoclonal antibodies reacting with 
specific tumor-associated antigens [reviewed in (1-3, 
6)]. This approach is laborious and often unsuccessful 
in generating monoclonal antibodies that display the 
necessary specificity to permit their use for cancer 
diagnostics or therapeutics (3,4,6). An alternative 
strategy, which is dependent upon a functional change 
induced in a target cell, involves the use of DNA 
transfection and an approach termed "surf ace -epitope 
masking." In the present study, applicants demonstrate 
the utility of this combined strategy for the generation 
of monoclonal antibodies specific for a known surface 
expressed molecule, the P-glycoprotein-mediating MDR, and 
the product of an unidentified putative human prostatic 
carcinoma gene. The SEM approach has also been used to 
produce monoclonal antibodies reacting with the human 7- 
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interferon receptor (Su, Z-z., Pestka, S.. Fisher, F.B. : 
manuscript in preparation) and an unidentified putative 
human breast carcinoma gene (Yemul, S., Su, Z-z., Leon, 
j. A., et al: manuscript in preparation) expressed in 
CREF-Trans 6 cells. All of these results indicate that 
the combination of transfection and SEM offers a unique 
opportunity to generate monoclonal antibodies specific 
for human tumor- associated antigens without prior 
knowledge of the identity of the gene encoding these 
products. With appropriate expression vector gene 
constructs, this strategy can also be used to generate^ 
monoclonal antibodies reacting with well -characterized, 
surface- localized proteins expressed in CREF-Trans 6 
cells. This combined approach, at least in principle, 
should be applicable to any experimental model in which 
specific changes occur in the expression of surface 
molecules between a "tester" (a transfected cell 
expressins a new surface-expressed molecule) and a 
"driver" (the untransf ected parental cell) . 

The identity and function of the putative tumor- inducing 
human prostatic carcinoma gene that has been stably 
transferred from LNCaP cells to CREF-Trans 6 cells are 
not known. However, CREF-Trans 6:4 NMT cells that 
contain this potential prostatic carcinoma gene can be 
used to generate monoclonal antibodies reactive with 
surface antigens on both LNCaP- transfected cells and 
human prostatic carcinoma cell lines. This ability 
suggest a potential causal relationship between 
expression of the transfected gene and expression of the 
prostatic carcinoma phenotype. 

Prior studies (24,25) have indicated that transformed NIH 
3T3 cells transfected with specific human tumor DNAs 
could be used to generate monoclonal antibodies specific 
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for surface antigens expressed by the original tumor cell 
line as well as histologically similar tissue types. 
This approach has been used to generate monoclonal 
antibodies specific for cell-surface antigens expressed 
on NIH 3T3 cells transformed by human pancreatic 
carcinoma (24) and acute myelogenous leukemia (25) DNA. 
The monoclonal antibodies produced against DNA- 
transformed NIH 3T3 cells from human pancreatic carcinoma 
reacted with surface antigens on transfected transformed 
cells, the original human pancreatic carcinoma cell line, 
and six additional human pancreatic carcinoma cell lines 
(24) . These monoclonal antibodies did not react with 
untransfected NIH 3T3 cells or human lymphoblastoid, 
melanoma, prostatic carcinoma, or normal human skin 
fibroblast cell lines (24) . Results from both studies 
(24, 25) indicate that the combination of DNA 
transfection and monoclonal antibody development may 
prove useful in generating monoclonal antibodies with 
specificity for cell -surface epitopes displayed by 
different histologic tumor types. In this respect, the 
ability of CREF-Trans 6 to identify tumor- inducing genes 
without biological activity in NIH 3T3 cells indicates 
that this new human tumor DNA transf ection-acceptor cell 
line may prove useful for the identification and cloning 
of potentially novel genetic elements mediating specific 
human cancers. 

In the present study, the SEM approach was used to 
stimulate the production of spleen cells reactive with 
cell-surface-accessible molecules. Spleen cells were 
then used to produce hybridomas that secrete monoclonal 
antibodies reactive with accessible surface antigens. 
The SEM approach described in this manuscript uses a 
formalin fixation step prior to immunizing animals with 
polyclonal antibody-coated tester cells. This procedure 
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was originally adopted to more efficiently produce 
monoclonal antibodies that would have direct diagnostic 
potential, i.e., they could be used to detect antigens on 
formalin- fixed tissue. Monoclonal antibodies produced 
using the SEM procedure have demonstrated specificity for 
viable cells, frozen tissue specimens, and both formalin- 
fixed tissue specimens and formalin- fixed cells. The SEM 
procedure described in this application would not be 
predicted to generate monoclonal antibodies reactive with 
fixative-sensitive antigens. However, modifications of 
the SEM approach using procedures other than formalin 
fixation, including injection of unfixed antibody- coated 
cells or use of novel immune complexes (26) , should 
result in the generation of monoclonal antibodies 
reacting with fixative sensitive antigenic epitopes of 
lecules expressed on the cell surface. 
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Recently, an approach called "phage display combinatorial 
libraries" has been developed in which combinatorial 
complementary DNA (cDNA) libraries are prepared in phage 
directly from antigen- stimulated spleen cells (27,28). 
in this context, transfected cells that had been subject 
to the SEM procedure could be utilized as immunogens to 
stimulate an antigenic response that could then be 
followed by the isolation of spleen cells and generation 
of combinatorial phage cDNA libraries. This approach 
could then result in the direct identification of 
ootentially critical genes involved with transformation 
and with genes that encode specific human tumor- 
associated antigens and other molecules expressed on the 
cell surface. 

The SEM approach has been performed using murine 
monoclonal antibodies to coat rat antigenic surface 
epitopes on a rat embryo fibroblast cell line, CREF-Trans 
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6. Alternatively, it should be possible to use 
transfected CREF-Trans 6 cells as direct immunogens in 
syngeneic Fischer rats for the generation of rat 
hybridomas or rat x mouse heterotnyelomas . Although these 
studies are still in progress, it is apparent that the 
SEM approach employing murine monoclonal antibody- coated 
CREF-Trans 6 is preferable to injection of transfected 
CREF-Trans 6 cells directly into syngeneic rats. Murine 
monoclonal antibodies are relatively easy to produce and 
are highly amenable to purification in large quantities. 
In addition, the technologies required for the genetic ^ 
manipulation of murine monoclonal antibodies (e.g., 
chimerization, humanization, and bispecific monoclonal 
antibodies) are readily available (29-31) . These genetic 
approaches are extremely important if a monoclonal 
antibody is to be used in human clinical trials for 
imaging or as a therapeutic agent (4-6) . 

The theoretical basis of the SEM approach involves 
antigenic subtraction, i.e., the blocking of antigenic 
sites shared by two genetically similar cell types. This 
process results in an increase in the sensitivity of 
detection of novel surface antigens. The present studies 
have emphasized applications of the SEM approach, using 
transfected cells expressing known as well as 
unidentified cell-surface molecules. However, many 
additional situations that would be adaptable to the SEM 
procedure can be envisioned. For example, the SEM 
protocol could be used to develop monoclonal antibodies 
specific for surface changes occurring in metastatic 
tumor cells. To achieve this goal, polyclonal antibodies 
could be generated against a primary tumor, and these 
polyclonal antibodies could be used to mask surface 
epitopes on metastatic tumors. This step would be 
performed prior to sensitizing animals for the 
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development of hybridomas or combinatorial phage cDNA 
expression libraries specific for surface-expressed 
metastatic antigens. Similarly, polyclonal antibodies 
could be generated against normal tissue of a specific 
histologic type,, and these polyclonal antibodies could 
then be used to mask surface epitopes on a histologically 
similar tumor derived from the same patient . The cells 
with masked surface epitopes, could then be injected into 
animals so that they would develop sensitized spleen 
cells for the development of hybridomas or combinatorial 
phage cDNA libraries specific for tumor -associated^ 
antigens. SEM would also appear to be ideally suited for 
the development of monclonal antibodies specific for the 
outer domain of membrane -localized growth factor 
receptors and cell-membrane transporter proteins. Future 
applications of the SEM approach could also result in the 
development of monoclonal antibodies and/or the isolation 
of relevant genes involved in determining tumor cell 
recognition by both nonspecific and specific immunologic 
effector cells, mediating atypical multidrug resistance, 
and identifying mediators of autoimmune diseases. 
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Second S ries of Experiments 

Elucidating the relevant genomic changes mediating 
development and evolution of prostate cancer is paramount 
5 for effective diagnosis and therapy. Using an improved 
DNA-acceptor cell line, CREF- Trans 6, and cotransf ection 
techniques, with human prostatic carcinoma DNA, a 
putative dominant -acting nude mouse tumor- inducing 
oncogene, PTI-1, has been identified and cloned. 
10 Differential RNA display reveals a novel 214 bp DNA 
fragment representing a differentially expressed RNA in ^ 
tumor-derived transfected cells. Screening of a human" 
prostatic carcinoma (LNCaP) cDNA library with the novel 
214 bp DNA sequence identifies a full-length 2.0 Kb PTI-1 
15 cDNA. Sequence analysis indicates that PTI-1 is a novel 
gene containing a unique 630 bp 5' sequence and a 3 ' 
sequence homologous to a truncated and mutated form of 
human, elongation factor-1 alpha. In vitro translation 
demonstrate that the PTI-1 cDNA encodes a predominant 
20 -46 kDa protein. Probing Northern blots with a DNA 
fragment corresponding to the 5' region of the PTI-1 gene 
identifies multiple PTI-1 transcripts in RNAs from LNCaP- 
transfected tumor-derived CREF-Trans 6 cells and human 
carcinoma cell lines derived from the prostate, lung, 
25 breast and colon. In contrast, PTI-1 RNA is not present 
in human melanoma, neuroblastoma, osteosarcoma, normal 
cerebellum or glioblastoma multiforme cell lines. Using 
a pair of primers recognizing a 279 bp region within the 
unique 630 bp 5' PTI-1 sequence, RT-PCR detects PTI-1 
30 expression in patient-derived prostate carcinomas, but 
not in normal prostate or benign prostatic hypertrophy 
(BPH) . In contrast, RT-PCR detects prostate-specific 
antigen (PSA) expression in all prostates tissue 
specimens. These results indicate that PTI-1 is a novel 
35 putative oncogene that may contribute to carcinoma 
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development in human prostate and other tissues. The 
approaches used, rapid expression cloning with the CREF- 
Trans 6 system and the differential RNA display strategy, 
should prove widely applicable for identifying and 
cloning additional novel human oncogenes. 

The American Cancer Society estimates that 200,000 
American men will have been diagnosed with prostate 
cancer in 1994 and 38,000 afflicted men will have died of 
this disease (1) . The current methods for detecting early 
prostate cancer are limited in both their sensitivity and 
specificity (2) . These include physical examination that 
might easily miss small or centrally located tumors, 
serum prostate-specific antigen (PSA) determination that 
is not specific to malignant prostate disease, and tissue 
biopsy in which sampling error may lead to erroneous 
benign diagnosis (3,4) . Predictors and early detection of 
therapeutic relapse such as monitoring of PSA levels, 
ultrasound and bone scans are also unsatisfactory, as 
these require fairly bulky tumor regrowth before 
discovery (5,6). Using current approaches a high 
percentage, 4 0 to 50%, of patients considered to have 
clinically localized disease actually contain understaged 
diseases subsequent to radical surgery (7,8). Surgical 
intervention is not considered the appropriate treatment 
protocol for patients with progressive disease. These 
findings emphasize the need for improved diagnostic and 
therapeutic approaches for identifying prostate 
carcinomas and for predicting clinical aggressiveness. 

A primary objective of investigators studying cancer 
etiology is the identification of gene(s) within tumor 
cells with oncogenic potential. A procedure to achieve 
this goal involves the transfer of high molecular weight 
(HMW) DNA from established tumor cell lines or primary 
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tumors into appropriate acceptor cell lines by DNA- 
transfection (9) . Target cells are then examined for 
morphological transformation, i.e., focus formation. A 
modification of this approach involves cotransf ection of 
target cells with HMW DNA plus a selectable antibiotic 
resistance gene, such as pSV2neo, selection for 
antibiotic resistance and then injection of pooled 
antibiotic resistant cells into nude mice to identify 
clones of cells with tumorigenic potential (10). The 
majority of studies using these approaches have relied on 
the immortal murine cell line NIH-3T3 (9,10).^ 
Unfortunately, NIH-3T3 cells generally prove unsuccessful N 
in identifying novel dominant -acting oncogenes from human 
tumor cell lines or clinical samples and even when 
successful, subsequent cloning indicates genetic elements 
not relevant to the majority of human cancers. These 
studies accentuate the need for better techniques to 
identify dominant -acting human cancer genes and for more 
suitable target cell lines to detect novel tumor- inducing 
oncogenes . 

Recent studies using the cotransf ection/nude mouse tumor 
assay with HMW DNA from a human prostatic carcinoma cell 
line, LNCaP (11) , and a new DNA-acceptor cell line, CREF- 
Trans 6 (12) , indicate the presence of a dominant -acting 
tumor- inducing gene (12) . Applicants have presently 
cloned and characterized a novel gene, prostate carcinoma 
tumor inducing gene 1 (PTI-1) , using the differential RNA 
display (DD) technology (13), library screening 
strategies (14,15) and the RACE procedure (14) . The full- 
length PTI-1 cDNA consists of 2,123 nucleotides and 
contains a novel 630 nt region sharing sequence homology 
with bacterial ribosomal 23S RNA fused to a sequence that 
is a truncated and mutated form of human elongation 
factor-1 alpha (EF-lcc) . LNCaP-transf ected tumor-derived 
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CREF-Trans 6 cells as well as human prostate carcinoma 
cell lines and patient -derived prostate carcinomas 
express PTI-1. In contrast, PTI-1 RNA is not evident 
using RT-PCR in normal prostate or benign prostatic 
hypertrophy (BPH) tissue samples. PTI-1 expression occurs 
in additional human carcinomas, including breast, colon 
and lung, but not in normal cerebellum, glioblastoma 
multiforme, melanoma, neuroblastoma or osteosarcoma cell 
lines/ These observations indicate that PTI-1 is a novel 
genetic element displaying expression in specific human 
carcinomas and implicates mutagenic changes in EF-la as 
a contributor to the carcinogenic process. 

Materials and methods 

Cell lines. The LNCaP cell line was derived from 
metastatic deposits from a patient with advanced prostate 
cancer (11) and was provided by Dr. Steven Harris (W. 
Alton Jones Cell Science Center, NY). CREF-Trans 6 and 
LNCaP DNA-transfected nude mouse tumor-derived CREF-Trans 
6 cells, CREF-Trans 6:4 NMT, were isolated as described 
previously (12). The hormone independent prostatic 
carcinoma cell line DU-145, the endometrial carcinoma 
cell line HTB-113. the small cell lung carcinoma cell 
line NCI-H69 and the human neuroblastoma cell line IMR-32 
were obtained from the American Type Culture Collection. 
The nasopharyngeal carcinoma cell line KB 3-1 was 
provided by Dr. Michael M. Gottesman (NCI, ND) . The human 
breast carcinoma cell line MCF 7 and the human colon 
carcinoma cell lines WiDr, HT 29, SW480 and LS174T were 
supplied by Dr. John W, Greiner (NCI, MD) The human 
breast carcinoma cell line T4 7D was provided by Dr. 
Ricardo Mesa-Tejada (MetPath Inc., NJ) . A normal human 
cerebellum cell line, a human glioblastoma multiforme 
cell line GBM-18 and a human neuroblastoma cell line NB- 
11 were established in the applicants' laboratory (17- 
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19). HO-1 human melanoma cells were obtained from Dr. 
Beppino Giovanella (Stehlin Foundation, TX) . C8161 
metastatic human melanoma cells were supplied by Dr. 
Danny R. Welch (Hershey Medical Center, PA) . The human 
osteosarcoma cell line Saos-2 was provided by Dr. C. S. 
Hamish Young (Columbia Univ., NY) . Conditions for growing 
the various cell types were as described previously 
(11,12,17-19) . 

RNA preparation, differential RNA display (DD) and RT- 
PCR. Total cytoplasmic RNA was isolated from, 
logarithmically growing cell cultures as previously 
described (14,15). Tissue samples from normal prostates 
and patients with prostatic carcinomas or BPH were frozen 
in liquid nitrogen and RNA was isolated using the TRIzol 
reagent as described by GibcoBRL (MD) . Tissue samples 
were supplied by the Cooperative Human Tumor Network 
(CHTN) . Samples of normal prostate were obtained from 
autopsies of males < 40 years of age. All tissues were 
histologically confirmed as normal, BPH or carcinoma of 
the prostate. The DD procedure was performed essentially 
as described by Liang and Pardee (13). Two M 9 of mRNAs 
from CREF-Trans 6 and CREF-Trans 6:4 NMT cells were 
reverse transcribed with 300 units of MMLV reverse 
transcriptase (BRL) in the presence of 2.5 M M of primer 
T12GC ( 5 ' - TTTTTTTTTTTTGC - 3 ' ) and 20 fiM dNTP mix (BRL) for 
60 min at 35°C. Two M 9 of the cDNA was PCR-amplif ied in 
the presence of 2 M M T12GC and 2 of a 5' -primer JB-24 
( 5 ' - ACCGACGTCGACTATCCATGAACA- 5 ' ) . Samples were resolved 
in parallel lanes on a 5% denaturing sequencing gel and 
differentially expressed bands were removed from the gel 
and electroeluted in 0.2 X TBE solution. The same pair of 
primers were used for PCR amplification of the 
differentially expressed sequences followed by TA cloning 
kit (Invitrogen) . Plasmids containing inserts of the 
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predicted size were sequenced by the Sanger method 
(Seguenase kit, version 2.0, USB) or the inserts were 
isolated and used to probe Northern blots (14-16) . RT-PCR 
using appropriate primers was performed as described 
5 previously (16) . 

cDNA library construction, screening and sequencing. A 

cDNA library of LNCaP mRNA was constructed in the Uni-ZAP 
XR vector (Stratagene) and screened as previously 

10 described (14) . A 1.8 kb PTI-1 DNA fragment was obtained 
by RT/PCR amplification of LNCaP cDNA with a 20 mer (5'- 
AACTAAGTGGAGGACCGAAC-3 ' ) within the 214 bp DNA obtained 
by DD. Inserts from the plasmids containing the largest 
PTI-1 inserts were excised by digestion with the 

15 restriction enzymes Xhol and EcoRI and tested by Northern 
blotting with appropriate RNA samples and sequenced using 
the Sanger method with an Applied Biosystems (Model 373A, 
Version .1,2.1) sequencer and oligonucleotides synthesized 
from both ends of the gene inserts. 

20 

RACE procedure. To identify the 5' -extended region of 
PTI-1, a 22 base oligomer (I) ( 5 ' - CCTTGCATATTAACATAACTCG- 
3') and a 19 base oligomer (II) (5' -AAGTCGCCCTATTCAGACT- 
3'), antisense direction of the sequences 262-283 bp and 
25 317-336 bp, respectively, were synthesized. The RACE 
protocol was performed using the 5' RACE system 
(GibcoBRL, MD) as previously described (14). 

In vitro translation of PTI-1 encoded proteins. PTI-1 was 
30 linearized by digestion with Xhol and used as a template 
to synthesize mRNA using the mCAP mRNA capping kit 
(Stratagene) . In vitro translation of PTI-1 was performed 
using a rabbit reticulocyte lysate translation kit with 
conditions as described by GibcoBRL (MD) . 

35 
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Experimental Results 

Identification and properties of PTI-1. The rapid 
expression cloning system identified a potential 
oncogenic element in LNCaP cells (12). To identify genes 
displaying differential expression in CREF-Trans 6 cells 
and nude mouse tumor-derived LNCaP- trans fected CREF-Trans 
6 cells, CREF-Trans 6:4 NMT, .the DD approach developed by 
Liang and Pardee (13) was used. This protocol permits 
identification of differentially expressed cDNAs based on 
size as opposed to nucleotide composition or function. A^ 
problem often encountered using DD is the identification 
of amplified sequences not displaying differential 
expression when tested using appropriate RNA samples and 
Northern blotting (12). An example of this type of 
artifact is seen in Fig. 6, i.e., the band present in 
CREF-Trans 6:4 NMT directly below the arrow. The 
frequency of false signals can be significantly reduced 
by using subtraction hybridization prior to PCR 
amplification and DD (data not shown) . Using DD, a 214 bp 
DNA fragment (PTI-1) was identified in the LNCaP - 
transfected nude mouse tumor-derived CREF-Trans 6 cell 
line, CREF-Trans 6:4 NMT, that was not present in 
parental CREF-Trans 6 cells (Fig. 6, arrow). The PTI-1 
fragment was isolated, cloned, sequenced and used to 
probe Northern blots containing RNAs from CREF-Trans 6, 
CREF-Trans 6:4 NMT and LNCaP cells (Fig. 7). The 214 bp 
PTI-1 DNA fragment is a novel sequence and hybridizes to 
several RNAs present in CREF-Trans 6:4 NMT, LNCaP and the 
hormone independent prostate carcinoma cell line DU-145 
(Fig. 7) . 

The complete sequence of PTI-1 is presented in Fig. 8. 
PTI-1 consists of 2,123 bp, the 5' -flanking region (1 to 
215 bp) was obtained by RACE 5' -extension and the 
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remainder of the gene (216 to 2,123 bp) was determined by 
direct sequencing. Primer extension analysis and RT-PCR 
of LNCaP mRNA confirm that PTI-1 is a full-length cDNA 
(data not shown). The 3' region of PTI-1 extending from 
5 630 to 2,123 bp displays 97% homology to a truncated 
human EF-la gene. The 5' region of PTI-1 displays no 
homology to eucaryotic genes, but instead is -85% 
homologous to procaryotic 23S ribosomal RNA gene from 
Mycoplasma hyopneumoniae . This region of PTI-1 contains 

10 the 214 bp DNA marker (core) sequence obtained using DD 
(Fig. 6). The unique 5' region also contains a large 
number of stop codons (TAA, TGA and TAG sequences) (Fig. 
8) . These observations suggest that PTI-1 is a fusion 
gene consisting of two regions: a 5' unique 630 bp region 

15 and a 3' truncated and mutated EF-lo gene. 

PTI-1 contains an open-reading frame from bp 621 to 1,814 
with a stop codon after the last amino acid K and encodes 
a protein of 398 aa (Fig. 8). A comparison of the amino 

20 acid sequence of PTI-1 (1 to 398 aa) and a partial human 
EF-lof (aa 1 to 462) is presented in Fig. 8. PTI-1 and the 
truncated human EF-lor share 98.4 % similarity and 97.7% 
identity. PTI-1 contains the same carboxyl terminus as 
human EF-lor. The N- terminus of PTI-1 is different from 

25 human EF-lor and consists of a deletion of 67 aa normally 
found in human EF-la and an insertion of 3 unique amino 
acids (MQS) in PTI-1 that differs from the original N- 
terminus (MGK) of human EF-la. In addition, 6 in frame 
amino acid changes are present in PTI-1 (Fig. 8). The 

30 loss of 67 amino acids in the N-terminus plus changes in 
specific amino acids, from positive charged to non- 
positive charged amino acids and from hydroxyl group- 
containing to non-hydroxyl group- containing amino acids, 
can be anticipated to impact on the three dimensional 

35 structure and functionality of this mutant EF-la protein. 



On the basis of sequence analysis, PTI-1 should encode a 
protein of 43.8 kDa. To confirm this prediction, in vitro - 
translation analyses of proteins encoded by the PTI-1 
cDNA were determined (Fig. 9) . A predominant protein 
present after in- vitro translation of PTI-1 has an M r of 
-46 kDa. This, value is larger than predicted and may 
result because of protein modification, i.e., 
phosphorylation, in the rabbit reticulocyte lysate 
system. Four additional minor proteins (M r 41 to 30.5 kDa) 
are also present after in vitro translation. These 
proteins probably result from initiation of protein^ 
synthesis at start codons (ATG) downstream of the first 
start codon in PTI-1 (Fig. 8) . 

Expression of PTI-1 in RNA samples from patient-derived 
tissues and cell lines. An important question is whether 
PTI-1 expression occurs in prostatic carcinomas in vivo. 
For this analysis, RNA was isolated from quick- frozen 
prostate samples from patients obtained during operations 
and confirmed as prostatic carcinomas or BPH 
histologically. RNAs were also extracted from normal 
prostates obtained at autopsy from men less than 40 years 
of age and histologically normal. Using RT-PCR with 
primers (A and L) (Fig. 8) synthesized from the unique 
630 bp 5' PTI-1 sequence, expression is apparent in seven 
of eight human prostatic carcinomas (Fig. 10 and data not 
shown). In contrast, PTI-1 is not expressed in four 
normal prostates or three BPH patient samples (Fig. 10) . 
In contrast, LNCaP and all prostate samples, including 
normal, BPH and carcinoma, are positive for PSA 
expression, whereas CREF-Trans 6, CREF-Trans 6:4 NMT and 
DU-145 do not express PSA (Fig. 10). All samples were 
positive for GAPDH expression (Fig. 10). These results 
indicate that PTI-1 is expressed in human prostate 
carcinomas, but not in normal prostates or BPH. 
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To determine the pattern of PTI-1 expression in 
additional cell types, RNAs from various cell lines were 
analyzed by Northern blotting using PTI-1 and GAPDH as 
probes (Fig. 7). In addition to being expressed in CREF- 
Trans 6:4 NMT, LNCaP and DU-145, PTI-1 expression is 
evident in other human carcinomas, including NCI-H69 
(small cell lung), T47D (breast), and SW480 and LS174T 
.(colon) . In contrast, PTI-1 expression is not detected in 
HTB-113 (endometrial adenocarcinoma), KB 3-1 
(nasopharyngeal carcinoma), MCF 7 (breast carcinoma), 
WiDr and HT 29 (colon carcinoma) , normal cerebellum, GBM- 
18 (glioblastoma multiforme), HO-1 and C8161 (melanoma), 
NB-11 and IMR-32 (neuroblastoma) or Saos-2 (osteosarcoma) 
cells. These observations indicate that PTI-1 expression 
is not restricted to human prostate carcinoma, but also 
occurs in -50% of the human carcinomas analyzed. 

Experimental Discussion 

Cancer is a progressive disease in which tumor cells 
manifest continuous genetic changes that correlate with 
increasing frequencies of chromosomal abnormalities and 
mutations (rev. 20-22). Recent studies suggest that 
mutations in genes involved in maintaining genomic 
stability, including DNA repair, mismatch repair, DNA 
replication and chromosomal segregation, may result in 
acquisition of a mutator phenotype by cancer cells 
predisposing them to further mutations resulting in tumor 
progression (rev. 21) .' In leukemias as well as specific 
solid tumors, improved cytogenetic techniques and 
molecular approaches indicate that specific 
translocations result in the activation of proto- oncogene 
products and the creation of tumor -specific fusion 
proteins (22) . A common observation is that both types 
of novel ' oncogenic elements are often transcription 
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factors suggesting that alterations in transcriptional 
control may directly contribute to cancer development and 
evolution (22,23). Modifications in the translational 
machinery of cells, including changes in both eucaryotic 
5 initiation factors and elongation factors, can also 
result in susceptibility to transformation and the 
acquisition of transformed and oncogenic properties in 
specific target cells (rev. 24,25). For example, 
overexpression of a normally rate-limiting protein 
10 initiation factor, eIF-4E, can cooperate with both the v- 
myc and adenovirus E1A gene in inducing transformation of 
primary rodent fibroblasts (26), induce tumorigenic 
transformation in both NIH 3T3 and Rat 2 cells (27) and 
induce in combination with Max both a tumorigenic and 
15 metastatic phenotype in Chinese hamster ovary (CHO) cells 
(28) . Enhanced expression of elongation factor- la (EF- 
lo). a nucleotide exchange protein that binds GTP and 
aminoacyl-tRNA and results in codon- dependent placement 
of this aminoacyl-tRNA at the A site of the ribosome 
(24,25), confers susceptibility to carcinogen- and 
ultraviolet light-induced transformation to mouse and 
Syrian hamster cell lines (29) . Elevated levels of wild- 
type EF-lo also occur in tumors of the pancreas, colon, 
breast, lung and stomach relative to normal tissue (30) . 
Moreover, enhanced expression of EF-1 7 , a nucleotide 
exchange protein that mediates transport of aminoacyl 
tRNAs to 80S ribosomes during RNA translation, is found 
in a high proportion of pancreatic tumors (78%) , 
colorectal tumors (86%) and colorectal adenomas (56%) 
relative to normal -appearing adjacent tissue (31-33) . 
These findings indicate that alterations in both gene 
transcription and protein synthetic processes contribute 
to oncogenesis. 
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The present study implicates a novel gene, PTI-1, that 
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contains a unique sequence linked to a truncated and 
mutated EF-la gene, in oncogenic transformation and 
prostate carcinoma development. PTI-1 is expressed in 
LNCaP-transfected tumor-derived CREF-Trans 6 cells, human 
5 prostatic carcinoma cell lines and patient -derived 
carcinomas, whereas expression is not detected in normal 
prostate or BPH tissues. PTI-1 RNA is also found in 
additional human carcinomas, of the breast, lung and 
colon. These results indicate that PTI-1 expression may 

10 be a common alteration in human carcinomas. The direct 
cloning of PTI-1 from an LNCaP cDNA library indicates 
that this novel gene is originally present in this 
prostatic carcinoma cell line and does not develop as a 
consequence of mutation resulting during transfection 

15 into CREF-Trans 6 cells or selection for tumor- formation 
in nude mice . 

EF-la is analogous to bacterial elongation factor-Tu (EF- 
Tu) , both members of the GTPase superfamily of proteins 
20 (rev. 34-36). A primary function of EF-Tu/EF-la is the 
process of kinetic proofreading that results in 
appropriate codon -anti codon binding interactions (36). 
Mutations in specific regions of EF-Tu result in altered 
biological function, including a dominant negative 

25 inhibition of protein synthesis by mutational replacement 
of Lys 136 by glutamate or glut amine in the G-4 GTPase 
region that interacts with guanine nucleotide release 
proteins (GNRPs) (37) . EF-Tu mutants in Escherichia coli 
and Salmonella exhibit increases in missense error rates 

30 (38,39). Mutations in EF-la can directly affect the 
frequency of f rameshif ting and amino acid 
misincorporations in Saccharomyces cerevisiae (40) . 
Single amino acid substitutions in EF-la alter the 
selection and/or proofreading of the codon -anti codon 

35 match (40). Moreover, altering the level of EF-la in 
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Saccharomyces cerevisiae directly affects suppression of 
nonsense mutations further indicating a critical 
involvement in translational fidelity (41). In this 
context, the mutated EF-lor protein encoded by PTI-1 could 
5 modify normal BP-lo function resulting in decreased 

protein translational fidelity and an inability to 
suppress specific mutations in carcinomas. If this 
"translational infidelity" hypothesis is correct, PTI-1 
may represent a mutated "genomic stability" gene (21) 
10 and an important contributor to the mutator phenotype of 
cancer cells and tumor progression. 

An important early event in carcinogenesis may involve 
mutations that confer immortality or an enhanced cellular 
15 life span (20,21) . During cellular senescence the levels 
and catalytic activity of EF-lor decrease (42). Forced 
expression of EF-lor in Drosophila melanogaster extends 
life-span in comparison with control flies (43). The 
reduction in proliferative capacity associated with 
20 senescence correlates with a reduced capacity for 
mitosis, in this respect, the recent demonstration that 
EF-lo may be an important element in mitotic spindle 
formation (44) may be relevant. As demonstrated in this 
report, the EF-lor sequence in PTI-1 contains a deletion 
25 of 67 amino acids and six point mutations in comparison 
with wild-type human EF-lor (Fig. 8). Although the 
relevance of these alterations to EF-lor activity are 
unknown, it is possible that this gene undergoes a series 
of step-wise mutations during prostate cancer 
30 development. If this hypothesis is correct, changes in 
the structure of the PTI-1 gene could represent a genetic 
marker for prostatic carcinoma development and 
progression. Studies are currently in progress to test 
these hypotheses and to determine if expression of PTI-1 
35 and/or genetically modified EF-lor genes in CREF-Trans 6 
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cells results in acquisition of oncogenic potential 



A previous limitation preventing the identification and 
5 cloning of novel oncogenes was the absence of a sensitive 
transfectable indicator cell line. This problem has been 
ameliorated with the identification of the CREF-Trans 6 
clone (12) . Using rapid expression cloning with the CREF- 
Trans 6 acceptor cell line and the DD technology, the 
10 novel putative oncogene PTI-1 displaying expression in 
human prostate, breast, lung and colon carcinomas has 
been identified and cloned. In comparative studies using 
NIH-3T3 cells, cotransf ection of high molecular weight 
DNA from LNCaP cells and antibiotic resistance plasmid 
15 ( P SV2neo) DNA did not result in tumors following 
injection of G4l8-resistant cells into nude mice (12) . 
Rapid expression cloning with CREF-Trans 6 also results 
in the transfer of tumor -inducing oncogenes from a human 
breast carcinoma, a glioblastoma multiforme and a small 
20 cell lung carcinoma cell line and from a patient -denved 
metastatic colon carcinoma lesion (data not shown). 
Although the identifications of the dominant- act ing 
genetic elements present in these human tumor DNA- 
transfected CREF-Trans 6 clones are not known, these 
25 exciting preliminary results suggest that this new 
acceptor cell line could prove useful for identifying and 
cloning potentially novel human oncogenes involved in the 
development of diverse human cancers. 



30 
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Third Series of Experiments 

The American Cancer Society estimates that 200,000 
American men will have been diagnosed with prostate 
cancer in 1994 and 38,000 afflicted men will have died of 
this disease. The current methods for detecting early 
prostate cancer are limited in both their sensitivity and 
specificity. These include physical examination that 
might easily miss small or centrally located tumors, 
serum prostate-specific antigen (PSA) determination that 
is not specific to malignant prostate disease, and tissue ^ 
biopsy in which sampling error may lead to erroneous 
benign diagnosis. Predictors and early detection of 
therapeutic relapse such as monitoring of PSA levels, 
ultrasound and bone scans are also unsatisfactory, as 
these require fairly bulky tumor regrowth before 
discovery. 

Despite intensive scientific effort, the relevant genomic 
changes that mediate the development and evolution of 
prostate cancer remain to be defined. In addition, 
biochemical and molecular markers correlating with 
potential aggressiveness of a specific prostate carcinoma 
and the appropriate therapy that will effectively prevent 
disease progression are not currently available. It is 
now well established that many forms of cancer are the 
result of complex multifactor interactions and 
carcinogenesis is a multistep process. Genetic factors 
contributing to carcinogenesis include dominant actinq 
oncogenes that promote the cancer phenotype and £umor 
suE pressor aenes that function as negative inhibitors of 
the cancer process. Our broad goals are to define 
prostate cancer in molecular terms and use this 
information to design better diagnostic tools and 
therapies for this malignancy. To achieve these 
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objectives it will be necessary to identify and 
characterize genes that can both induce and inhibit this 
disease process. Once appropriate genetic mediators of 
human prostate cancer are identified this information 
will prove valuable for developing more effective 
diagnostic tools and ultimately for generating improved 
gene-based and immunologically-based therapies for this 
pervasive cancer. 

The Rapid Expression Cloning fRExCS) System 

A primary objective of investigators interested in the 
etiology of human cancer is the identification of gene(s) 
within tumor cells with oncogenic potential. One 
procedure used to achieve this goal involves the transfer 
of high molecular weight (HMW) DNA isolated from 
established tumor cell lines or primary tumors into 
appropriate cell lines by calcium-mediated DNA- 
transfection, lipofection, electroporation or other 
approaches. Target cells are then examined for signs of 
morphological transformation, i.e., focus formation. A 
modification of this approach involves cotransf ection of 
target cells with HMW DNA plus a selectable antibiotic 
resistance gene, such as pSV2neo, selection for 
antibiotic resistance and then injection of pooled 
antibiotic resistant cells into nude mice to identify 
clones of cells with tumorigenic potential. The majority 
of studies using these approaches have relied on the 
immortal murine cell line NIH-3T3. Unfortunately, NIH-3T3 
cells have generally not proven successful in identifying 
novel dominant -acting oncogenes from human tumor lines or 
clinical samples and even when successful, subsequent 
cloning of the transforming gene has revealed genetic 
elements not relevant to most human cancers. These 
findings emphasize the need for improved techniques to 



WO 96/21671 



-82- 

identify dominant -acting human cancer genes and the 
identification of more suitable target cell lines that 
can express novel tumor -inducing human oncogenes. 

5 To identify dominant acting oncogenes in human prostate 
carcinoma cells applicants have used 2 approaches, both 
utilizing DNA cotransf ection techniques with a new DNA- 
acceptor cell line, CREF-Trans 6 , and tumor formation in 
nude mice as an endpoint. Cotransf ection of CREF-Trans 6 
10 with HMW DNA from the human prostate carcinoma cell line 
LNCaP and pSV2neo DNA, selection for G418 resistance and s 
injection into nude mice resulted in tumor formation. In 
contrast, no transformed foci were apparent in similarly 
transfected CREF-Trans 6 cells maintained only in 
15 monolayer culture. No dominant acting focus forming or 
tumor inducing oncogene was detected in NIH-3T3 cells 
cotransf ected with LNCaP and pSV2neo DNA. Both primary 
and secondary nude mouse tumor-derived CREF-Trans 6 cells 
contain human repetitive (Alu) sequences that are not 
20 present in untransf ected CREF-Trans 6 cells. A common Alu 
fragment is present in Southern blots in both primary and 
secondary tumor derived CREF-Trans 6 cells. Tumor-derived 
CREF-Trans 6 cells also contain additional Alu sequences 
of different apparent molecular sizes. This data provided 
25 initial supportive evidence that a human gene(s) 
potentially capable of inducing a tumorigenic phenotype 
in nontumorigenic CREF-Trans 6 cells had been transferred 
from the human prostate carcinoma cell line LNCaP. Using 
both molecular and immunological approaches tumor-derived 
30 CREF-Trans 6 cells have been used to: (a) identify and 
clone novel genes, termed prostate tumor inducing genes 
(PTI-1, PTI-2 , figure 13 and PTI-3, figure 14), 
potentially involved in the etiology of human prostate 
carcinoma; and (b) produce monoclonal antibodies 
35 reacting with the surface of human prostate carcinoma 



WO 96/21671 



-83- 



cells and the cloning of a cDNA encoding a novel tumor 
associated antigen, termed prostate carcinoma tumor 
antigen gene (PCTA-1, figure 15). 

5 other appI? of RExCS : Cotransf ect ion of CREF-Trans 

6 with pSV2neo DNA and high molecular weight DNA from a 
human glioblastoma multiforme cell line (GBM-18) , a human 
breast carcinoma cell line (T47D) and a human small cell 
lung carcinoma cell line (NCI-H69) results in tumor 

10 formation in nude mice. Similarly, cotransf ection of 
CREF-Trans 6 with pSV2neo DNA and high molecular weighty 
DNA from a patient -derived metastatic colorectal 
carcinoma results in tumor formation in nude mice. Tumor- 
derived cell lines have been isolated and can now be. 

15 used: to clone the transforming genetic elements- 
mediating the tumorigenic phenotype; and with the SEM 
procedure to develop potentially novel MAbs reacting with 
TAAs_expressed by specific human cancers. 

20 P™*t a t:e Tu™^ Tnducip a Gene-1 (PTI-1) : PTI-1 was 

initially identified in LNCaP DNA transfected tumor- 
derived CREF-Trans 6 cells using an approach termed RNA 
differential display (DD) . DD permits the identification 
and cloning of differentially expressed mRNAs encoded by 

25 closely related cell types. The basic DD approach 
involves a series of interrelated steps, including: (a) 
isolating mRNA from two closely related cell types; (b) 
producing reverse transcribed -PCR (RT-PCR) products using 
a primer that anchors the PCR products to the 3' end of 

30 the mRNA and 5' primers containing arbitrary 
oligonucleotides of various sizes; (c) running RT-PCR 
products from both cell types in adjacent lanes of a 
sequencing gel; <d) cutting differentially expressed 
bands out of the sequencing gel, eluting the PCR product 

35 and PCR amplification; (e) testing for expression of the 
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PCR product using Northern blots containing relevant RNA 
samples; and (f) sequencing appropriately expressed 
sequences to determine identity with previously reported 
genes. Improvements in DD include the use of a 
subtraction hybridization step prior to performing RT- 
PCR. This technical improvement to DD results in a 
dramatic reduction in the number of false positives, that 
can exceed 40% using standard DD. 

The DD cloning strategy has now been successfully used 
with untransfected CREF-Trans 6 cells and an LNCaP DNA 
transfected nude mouse tumor derived CREF-Trans 6 clone, 
CREF-Trans 6: 4 NMT to identify PTI-l (PTI-2 and PTI-3- 
to be described below) . An anchored oligo-dT primer 
consisting of 12 Ts plus two additional 3' bases, that 
provides specificity, was used to anneal the beginning of 
a subpopulation of the poly (A) tails of the mRNAs for 
reverse transcription. A set of arbitrary primers was 
used as a 5' -primer for PCR amplification of the cDNAs 
generated by reverse transcription from the mRNAs. These 
amplified cDNA fragments were then separated by size to 
a maximum of 500 bp on a denaturing polyacrylamide gel. 
A differentially expressed band of 214 bp that was 
present in CREF-Trans 6: 4 NMT but not in CREF-Trans 6 
was cut out of the gel, electroeluted in TBE and 
reamplified by PCR using the same primers as used for DD. 
The purified 214 bp DNA fragment from the 1% agarose gel 
was then cloned into the PCR™II vector and transformed in 
OneShot™ competent cells . This sequence referred to as 
214 bp PTI-l, was tested for expression using Northern 
blotting analysis. PTI-l was expressed in LNCaP and CREF- 
Trans 6: 4 NMT, but not in CREF-Trans 6, human breast 
carcinoma cells (MCF7) , human glioblastoma multiforme 
(GBM-18) or human melanoma cells (H0-1 and C8161) . 
Sequence analysis of the 214 bp PTI-l DNA fragment using 
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the Sanger sequencing procedure indicates no homology to 
previously reported genes deposited in various gene banks 
(GenBank (R) , Brookhaven Protein Data Bank, EMBL Data 
Library). In order to identify the 5'- and 3' -flanking 
5 regions of the 214 bp DNA, rapid amplification of cDNA 
ends (RACE) was performed. The RACE approach is a 
procedure for amplification of nucleic acid sequences 
from a mRNA template between a defined internal site and 
an unknown sequence representing either the 3' or 5' end 
10 of the mRNA. Using RACE and primers designed from the 214 
bp PTI-1 sequence, a 1.8 Kb PTI-1 DNA fragment was 
generated by PCR. Northern analysis using the 1.8 Kb PTI- 
1 DNA fragment produced the same reactivity pattern as 
observed with the 214 bp PTI-1 DNA fragment. 
15 Approximately 600 bp of the 5' region of the PTI-1 DNA 
fragment was sequenced and found to display no homology 
to reported eucaryotic gene sequences, but rather -85% 
homology to 23S ribosomal RNA from Mycoplasma 
hvnnn«imoniae ) • This 1.8 Kb PTI DNA was called PTI-3 and 
will be described later. This 1.8 Kb PTI DNA was later 
used to screen an LNCaP cDNA library constructed in the 
Uni-ZAP XR vector. Two clones were identified. One is 
clone 18, which is called PTI-1; another, clone 8, is 
called PTI -2 and will be described later. 
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The PTI-1 gene is composed of two parts; one is 5' -RACE 
extended region (1-215 bp) and another clone 18 part. 
Clone 18 (PTI-1) contains 1937 bp (29 bp ♦ 1908 bp) 
insert in pBluescript vector. The experiment 

demonstrates that the 29 bp at the. 5 '-end comes from 
wrong reverse transcription because of lower temperature 
and secondary structure of RNA, so that this 29 bp 
sequence was replaced by the right sequence obtained by 
RACE method and did not show in the complete sequence of 
35 PTI-1. The sequence from 30-1937 bp (1907 bp) of clone 
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18 was shovm as the sequence 216 bp-2123 bp (1907 bp) in 
Figure 3. The plasmid deposit is clone 18 (PTI-1) . A 
pair of oligonucleotides with sequences in the 5' region 
of the 1.8 Kb PTI-1 DNA was synthesized and RT-PCR was 
performed using -mRNA isolated from both cell lines and 
human tissue samples. This analysis indicates that PTI-1 
is expressed in CREF-Trans 6: 4 NMT, LNCaP, DU-145 (a 
hormone independent human prostate carcinoma cell line) ,7 
.of 8 patient -derived prostate carcinomas. In contrast, 
PTI-1 is not expressed in CREF-Trans 6, H0-1, MCF-7 or 
tissue from normal human prostates or benign prostatic ^ 
hypertrophy (BPH) . These studies indicate that PTI-1 is 
a novel human oncogene that may be a mediator of or that 
is associated with transformation and tumorigenesis in 
15 human prostate carcinoma cells. 

To identify a full-length PTI-1 cDNA, an LNCaP cDNA 
library was constructed in the Uni-ZAP XR vector. 
Screening the LNCaP library using the 1.8 Kb PTI-1 DNA 
20 probe resulted in the identification of an -2.0 Kb PTI-1 
cDNA from this library. Two approaches indicate that this 
PTI-1 cDNA is a full-length cDNA. One approach uses 
primer extension analysis of the -2.0 Kb cDNA. and the 
second approach involves in vitro translation of in vitro 
25 RNA transcribed from the -2.0 Kb cDNA. Using a 
reticulocyte translation system, the transcribed RNA from 
the -2.0 Kb PTI-1 cDNA generates several protein products 
with a predominant protein of approximately 46 kDa. 
Complete sequence analysis and comparison with existing 
30 DNA data bases of the -2 . 0 Kb PTI-1 CDNA isolated from 
the LNCaP cDNA library indicates that PTI-1 is a novel 
fusion gene. PTI-1 consists of a unique 63 0 bp 5' 
sequence and a 3' sequence homologous to a truncated and 
mutated form of human elongation factor- 1 alpha. A full- 
35 description of PTI-1 with sequence and specific 
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properties can be found in our PNAS paper. 

PTI-1 : Using primer sequences for bases present in the 
unique 630 bp 5' region of PTI-1 (A and L) and primer 
5 sequences corresponding to the elongation factor- 1 alpha 
region of PTI-1 and RT-PCR approaches, the following 
additional information is currently available relative to 
.PTI-1: (A) Tissue distribution studies (using tissue poly 
A* mRNA blots from Clontech) have been performed using the 
10 A and L primers and a region corresponding to the 

elongation factor- 1 alpha homologous region of PTI-1 as . 
probes. The unique region of PTI-1 is only expressed in 
skeletal muscle and colon tissue, whereas the elongation 
factor-1 alpha hybridizes with an mRNA present in all of 
15 the tissue samples. These include, spleen, thymus, 
prostate, testis, ovary, small intestine, colon, 
peripheral blood leukocyte, heart, brain, placenta, lung, 
liver, skeletal muscle, kidney and pancreas. These 
studies reinforce our previous observations that the 
20 unique region of PTI-1 is not expressed in normal human 
prostate. (B) Expression of PTI-1 (A and L primers) is 
reduced in LNCaP cells treated with: a phorbol ester 
tumor promoter (12-0-tetradecanoyl-phorbol -13-acetate 
(TPA), that induces apoptosis in LNCaP cells; suramin; 
25 epidermal growth factor; transforming growth factor- 
alpha; or the synthetic androgen R1881. Using primers for 
prostate specific antigen (PSA) reductions in PTI-1 mRNA 
levels using the same agents are also apparent in LNCaP 
cells. These results suggest that similar changes 
30 inducing downregulation of PSA expression can also 
decrease PTI-1 expression in human prostate carcinoma 
cells. (C) Expression is apparent in human promyelocyte 
leukemia (HL-60) and an additional leukemic cell line 
K562. When induced to differentiate by TPA, PTI-1 
35 expression decreases and is no longer apparent by 3 hr 
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posttreatment in HL-60 cells. This change in mRNA levels 
after TPA treatment suggests that decreased expression of 
PTI-1 may be modulated as a function of growth arrest and 
terminal differentiation in HL-60 cells; (D) Expression " 
5 is apparent in CREF cells transformed by diverse acting 
oncogenes, including wild- type 5 adenovirus (Ad5) , mutant 
type 5 adenovirus (H5hrl) , Ha-ras oncogene, v-src, human 
papilloma virus type 18 (HPV-18) and HPV-51. Using a 
dexamethasone (DEX) inducible Ad5 E1A transforming gene 

10 under the transcriptional control of a mouse mammary 
tumor virus promoter, expression of PTI-1 is only seen in n 
the presence of DEX. Under these culturing conditions, 
DEX also results in E1A expression and transformation. 
These data indicate that induction of PTI-l directly 

15 correlates with transformation induced by mechanistically 
different oncogenes. (Figure of Northern blot; Fig. 11) . 

n flBfi for PTI-1: The unique region of PTI-1 can be used 
to: (A) Produce primers for RT-PCR that will distinguish 

20 between prostate carcinoma and normal or BPH tissue 
samples (^^ostic applications) ; (B) Permit development 
of a blood test to identify prostate carcinoma cells that 
have metastatic potential and that have escaped from the 
prostate ( diagnostic applications) ; (O Permit 

25 identification of additional carcinomas, i.e., breast, 
colon and lung, in the blood stream that have resulted 
from metastatic carcinoma spread ( diagnostic 
applications ) ; and (D) Develop an antisense vector and/or 
ribozyme approach to inhibit expression and induce growth 

30 arrest and/or apoptosis in prostate carcinoma cells, and 
perhaps other carcinoma and leukemic cells ( therapeutic 
applications ) . 

The mutated elongation factor 1- alpha region of PTI-1 may 
35 prove useful to: (A) Identify genetic changes in cells 
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predisposing to carcinoma development and progression 
( diagnostic applications ) ; (B) Identify point mutations 
and or deleted regions of this gene that could prove 
useful for predicting carcinoma development and 
progression ( diagnostic applications) ; and (C) Develop 
antisense and . ribozyme strategies to inhibit expression 
of the mutant form of elongation factor 1 -alpha resulting 
in suppression of carcinoma growth ( therapeutic 
applications ) . 



PTT-1 and Prostate Tumor Induing Gene- 2 (PTI-2) : A cDNA v 
library was prepared from LNCaP cells in the Uni-ZAP XR 
vector (Stratagene) . The LNCaP cDNA library was screened 
with a 32 P- labeled 1.8 Kb DNA (PTI-3) containing the 214 
15 bp DNA obtained by the differential display procedure. 
The contents of ten plates of 150 mm X 15 mm (containing 
- 2 X 10* plaques/plate) were transferred in duplicate to 
nylon membranes. Hybridization was performed using the 
following conditions: 5% dextran sulfate, 45% deionized 
20 formamide, 4X SSC, 1 mM phosphate buffer (pH 7.5), 0.5% 
SDS, 5% Denhardt's reagent at 42°C in a Hybridization 
Incubator Model 400 (Robbin Scientific) ; washing at 55°C 
for 60 min in a solution of 0.25% SDS and IX SSC. 
Positive plaques obtained in the first round were 
25 screened in duplicate for a second round and then with in 
vivo excision produced plasmids containing gene inserts 
in the pBluescript vector. Plasmids containing the 
longest inserts were identified by Southern blotting and 
probing with the 1.8 Kb (PTI-3) DNA probe. Two clones 
30 were identified using this approach: clone 8 (PTI-2) and 
clone 18 (partial sequence of PTI-1) . 

The full sequence of PTI-1 contains 2,123 bp, the 5'- 
flanking (1-215 bp) was obtained by RACE 5' -extension 
35 (GIBCO-BRL) , the remaining 216-2,123 bp was obtained by 
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sequencing clone 18. The RACE 5' extension was performed 
with two oligonucleotides, both located within the 5' -end 
of clone 18. One oligonucleotide is a 23 mer 
( 5 ' - CCTTGCATATTAACATAACTCGC- 3 ' ) and the other 
5 oligonucleotide is a 20 mer (5' -AAGTCGCCCTATTCAGACTC-3 ' ) . 
A comparison of PTI-1 with GenBank indicates that the 3'- 
part of this gene (630 to 2,123 bp) has 97% homology to 
.human elongation factor 1-alpha. The 5' -part of this gene 
(1-629 bp) does not show any homology to known eucaryotic 
10 genes. 

Comparison of PTI-2 with Genbank indicates that it has 
86.9% identity in 1356 bp overlap with Mycoplasma 
floccular 16S ribosomal RNA and 23S ribosomal RNA genes, 
15 but no homology to any previously identified eucaryotic 
genes . 

P^state Tun,^ Trying n~»»-3 (PTI-3) : To identify genes 
specifically expressed in CREF-Trans 6:4 NMT (transformed 
20 by DNA from LNCaP cells) , but not CREF-Trans 6 cells 
applicants have used the differential RNA display 
procedure. This approach resulted in the identification 
of a 214 bp DNA fragment in CREF-Trans 6:4 NMT that was 
not present in CREF-Trans 6 cells (PNAS paper) . Northern 
25 blotting indicates that this 214 bp DNA is expressed in 
CREF-Trans 6:4 NMT and LNCaP cells, but not in CREF-Trans 
6 cells. A 20 mer oligonucleotide with the sequence 5'- 
AACTAACTGGAGGACCGAAC- 3 ' within this 214 bp DNA fragment 
was used to obtain extended sequences beyond the 214 bp 
30 DNA using the RACE method. A cDNA from LNCaP cells was 
synthesized with oligodT. To the 3 '-end a polydC was 
added by terminal deoxymicleotide transferase. When the 
anchor primer (using the protocol of the GIBCO-BRL 5' 
RACE kit) and the above 20 mer were used to perform PCR 
35 amplification of cDNA from LNCaP cells, a 1 . 8 Kb DNA 
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fragment containing a partial sequence of the 214 bp DNA 
was obtained. This 1.8 Kb DNA fragment displays the same 
Northern blotting pattern as does the unique 214 bp 
sequence . 

5 

The 1.8 Kb DNA fragment was cloned into PCR™ II vector by 
using the TA cloning kit Unvitrogen) - The sequence of 
this 1.8 Kb DNA was determined by Sanger's method 
(Sequenase kit, version 2.0 USB). The 1.8 Kb DNA 

10 contains a partial sequence of PTI-1/3. The 5' and 3' 
end of PTI-3 gene remains to be confirmed. The insert of 
PTI-3 1-8 Kb insert can be recovered from the PCR™ II 
vector by digestion with EcoRI . A comparison of the 
sequence of PTI-3 with Genbank data base indicates that 

15 this gene has 87% identity in 1858 bp overlap with 
Myc^ BlaSSti floccular 16S ribosomal RNA and 23S ribosomal 
RNA genes, and it has 89.8% identity in 1858 bp overlap 
with M Y nnh a .t e riuir hynnnpumoniae 23S ribosomal RNA gene. 



20 

Pr flfi tate r^inoma Tumor Antigen Gene-1 (PCTA-1) : 

Evidence that tumor derived CREF-Trans 6 cells 
transfected with LNCaP DNA encode genetic information 
related to human prostate cancer has been obtained using 
25 an approach termed surface epitope masking (SEM) . The SEM 
procedure involves the selective blocking of surface 
antigens present in a genetically engineered cell 
(referred to as a "tester") with high-titer polyclonal 
antibodies against the untransf ected parental cell 
(referred to as a "driver"). Surf ace-epitope-masked 
tester cells are injected into BALB/c mice, immune spleen 
cells are then taken from these mice and they are fused 
with myeloma cells. This process results in the 
efficient generation of hybridomas that secrete 
monoclonal antibodies (MAbs) that react with cell-surface 
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antigens on transfected tester cells and with additional 
cell types that express the same surface molecules. LNCaP 
transfected tumor-derived CREF-Trans 6 cells, CREF-Trans 
6- 4 NMT, have been used as a tester cell line. The SEM 
5 procedure was applied resulting in the development of 
hybridomas producing MAbs reacting with tumor associated 
antigens (TAAs) on the surface of the original LNCaP cell 
line used to obtain human prostatic carcinoma DNA, 
primary and secondary nude mouse transf ectants derived 
10 from tumors and two additional human prostatic carcinoma 
cell lines (DU-145 and PC-3) . These MAbs are designated ^ 
Pro 1 1 to 1.5. Specific MAbs also display reactivity to 
two human breast carcinoma cell lines (MCF7 and T47D) . 
However, they do not react with normal human skin 
15 fibroblasts (NHSF-1) , two colon carcinoma cell lines 
(WiDr and LS174T) . two human melanoma cell lines (HO-1 
and MeWo) or a human glioblastoma multiforme cell line 
(GBM— 18> . immunoprecipitation analyses of "S-methionme 
labeled cell extracts with PCTA-1 Pro 1.5 MAbs indicate 
20 that primary and secondary nude mouse tumor-derived 
LNCaP-transfected CREF-Trans 6 cells, LNCaP and DU-145 
cells contain an approximately 42 kDa protein that is not 
present in untransf ected CREF-Trans 6 or additional human 
tumors (including melanoma and glioblastoma multiforme) . 
25 These results indicate that a gene encoding human 
prostatic carcinoma (and possibly breast carcinoma) TAAs 
has been transferred and is now expressed in CREF-Trans 
6 cells. 

30 To identify the gene encoding PCTA-1, a SEM-derived MAb 
(Pro 1 5) was used to screen an LNCaP cDNA expression 
library (PicoBlue Immunoscreening Kit, STRATAGENE) . mRNA 
was isolated from LNCaP cells after passage of total RNA 
through an oligo-dT column (GIBCO) . LNCaP cDNA libraries 

35 were constructed in the Uni-ZAP vector (Stratagene) . 



WO 96/21671 



PCT/USV6/W0JU/ 



-93- 

Screening of the cDNA library was performed as follows: 
(1) SURE host cells were plated on fifteen 150 mm X 15 mm 
NZY plates with 6.5 ml of top. agar (-2 X 10* 
plaques/plate); (2) After 3.5 hr incubation at 42°C, 
5 nitrocellulose filters soaked with 10 mM IPTG solution 
were applied to the plates and plaques were lifted; (3) 
The filters containing the plaque lifts were washed 3 or 
4 X with TBST (20 mM Tris-HCl pH7.5, 150 mM NaCl, 0.05 % 
Tween-20) and soaked in blocking solution (1% BSA in TBS 
10 [20 mM Tris-HCl pH 7.5, 150 mM NaCl)] for 1 hr at room 
temperature; (4) The filters were then transferred to v 
fresh blocking solution containing Pro 1.5 ascites (1:500 
dilution) followed by incubation for 3 hr at room 
temperature with gentle rocking; (5) Filters were washed 
15 4 X with TBST buffer; (6) The filters were transferred 
into fresh blocking solution containing Ab-AP conjugate 
(1:2000 dilution) and incubated for 1 hr at room 
temperature; (7) The filters were washed 4 X with TBST 
and placed in a developing solution containing 0 . 3 mg/ml 
20 NBT (nitro blue tetrazolium, 0.15 mg/ml of BCIP (5-bromo- 
4-chloro-3-indolyl phosphate), 100 mM Tris-HCl pH 9.5, 
100 mM NaCl, 5 mM MgCl 2 ) ; and (8) The reaction was 
terminated with stop solution containing 20 mM Tris-HCl, 
pH 2.9 and 1 mM EDTA) and the filters were dried. In the 
25 first round of screening with Pro 1.5, only 2 positive 
clones were obtained from over 3 X 10« (15 X 2 X 10«) 
colonies. Screening was performed a second time and 
clones were isolated and characterized. Using this 
approach antibody-positive clones were identified that 
30 contain a cDNA insert of -3.8 Kb. Sequence analysis of 
PCTA-1 indicates no homology to previously identified 
genes. The 5' region of PCTA-1 is homologous to several 
expressed sequence tags [including Homo sapiens partial 
cDNA sequence clone HEC077, clone c-zvhOl, clone hbcll27 
35 (3' end), clone hbcl208 (5' end) and clone hbcl074 (3' 
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end)] (see below). In vitro translation in a rabbit 
reticulocyte lysate system, with and without 
immunoprecipitation with Pro 1.5, indicate the presence 
of an approximately 36 kDa protein. These observations 
indicate that the PCTA-1 cDNA encodes a protein that is 
the putative tumor associated antigen present on prostate 
cancer cells identified using the SEM approach. 

Comparison of PCTA-1 with Homo sapiens cDNA clones 
Identity PCTA-1 Hnmo sapiens partial cDNA sequence 

HEC077 c-zvhOl hbc 1127 hbcl208 hbcl074 n 

(3' end) (5' end) (3' end) 



94.9 % 2123/1732 1-395 
15 99 % 2118/1858 1-261 

88.8 % 3853/3562 1-290 

93.5 % 2630/2818 1-186 

1-98 

84 % 2728/2825 



20 

(!) sTTM-np-Hved mih c finecific for the Multidrug 

Resistance (MDP^ Pj^lyc o grotein encoding an 170,000 
MolPrular v*l*ht. Cell Surface Transport Protein: To 
develop MAbs specific for the P-glycoprotein mediating 

25 MDR, CREF-Trans 6 cells were transfected with a human 
MDR-1 gene and cells resistant to colchicine were 
isolated. These MDR clones contain the MDR gene, express 
MDR mRNA and are cross-resistant to toxicity induced by 
several chemotherapeutic agents. MDR -CREF-Trans 6 cells 

30 were coated with CREF-Trans 6 polyclonal antibodies, 
injected into BALB/c mice, spleens were isolated and used 
to from hybridomas. Hybridomas secreting MAbs specific 
for MDR -CREF-Trans 6 cells were isolated. These SEM- 
derived MAbs react with MDR -CREF-Trans 6 cells as 

35 demonstrated by fluorescence activated cell sorter (FACS) 
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analysis, confirming their interaction with epitopes of 
the P-glycoprotein expressed on the cell surface. In 
addition, human breast carcinoma (MCF-7) cells 
transfected with the same MDR-l gene and displaying the 
5 MDR phenotype also react with the SEM-derived MAbs. In 
contrast, non-MDR parental MCF-7 cells do not react with 
these MAbs . These results indicate that the SEM approach 
can be used to develop MAbs specific for defined cell 
surface-expressed molecules. (Full details in our JNCI 
10 manuscript- Shen, Su, Olsson, Goldstein fic Fisher) . 

{2 ) SEMzDeriyed MAbs S Eeci£jc for the Human Leukocyte ' 
T^ ey fpvnn a i TPM -^ SeceEtor: To develop MAbs specific 
for the Human IPH-o receptor, CREF-Trans 6 cells were 

15 transfected with a human I FN -or receptor expression vector 
and clones expressing the receptor were isolated. These 
clones interacted with labeled IFN-or. whereas non- 
transfected CREF-Trans 6 cells do not react with IFN-or. 
These results provide further documentation of the 

20 effectiveness of the SEM approach in producing MAbs 
specific for defined cell surface-expressed molecules. 

(3 ) oPM-nprivftd ^Kc sn^rifir for the Human Immune 
mt.rfpron (jpki-vI Pereotor : To develop MAbs specific for 

25 the Human IFN- 7 receptor, CREF-Trans 6 cells were 
transfected with a human IFN-7 receptor expression vector 
and clones expressing the receptor were isolated. These 
clones interacted with labeled IFN-7, whereas non- 
transfected CREF-Trans 6 cells do not react with IFN-7. 

30 These results provide further documentation of the 
effectiveness of the SEM approach in producing MAbs 
specific for defined cell surface-expressed molecules. 

(4 ) cRM-nprived M&h* ' Reacting with Human Prostate 
35 Carcinomas : To determine if CREF-Trans 6 cells containing 
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a putative human prostate tumor inducing gene(s). CREF- 
Trans 6:4 NMT, display tumor associated antigens (TAAs) 
also expressed on human prostate carcinoma cells, the SEM 
approach has been used. This procedure and the 
experimental results using the CREF-Trans NMT clone 

is described in our JNCI manuscript (Shen et al.. JNCI 
86- 91-98, 1994). The SEM-derived Pro MAbs (Pro 1.1. Pro 
12 Pro 1.3, Pro 1.4 and Pro 1-5) display reactivity 
with LNCaP cells as well as two additional human prostate 
carcinomas, DU-145 and PC-3. Specific Pro MAbs also 
display surface reactivity with two human breast 
carcinoma cell lines, T47D and MCF-7. These MAbs are now 
being tested for reactivity using in situ 
immunohistochemistry with sections obtained from patients 
with prostate cancer. The ability to generate these Pro 
MAbs by SEM indicate that this approach can also be used 
to produce MAbs specific for cell surface expressed 
molecules of unknown origin. The Pro 1.4 MAbs have also 
been used in combination with expression cloning and 
human prostate carcinoma library screening to identify 
and clone the gene encoding the specific TAAs, PCTA-1. 

{5 ) SjairDexived M AfcS EaaSfcipg wifh Hnman Breast 
r.rcinomas : To determine if CREF-Trans 6 cells containing 
a putative human breast carcinoma tumor inducing gene(s) , 
CREF-Trans 6:T47D NMT, display TAAs also expressed in 
human breast carcinoma cells, the SEM approach has been 
used. This approach resulted in the development of SEM- 
derived Br-car (breast carcinoma) MAbs (4.2.1 and 5.2.4) 
that react with T47D and MCF-7 human breast carcinoma 
cell lines. In situ immunohistochemistry (total of 10 
samples) indicate that the SEM-derived Br-car MAbs also 
react with carcinoma sections from patients with ductal 
and medullary breast carcinomas (Fig. 12) . These MAbs are 
negative in sections of human melanoma and a small cell 
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lung carcinoma (Fig. 12). The ability to generate these 
Br-car MAbs by SEM provide additional evidence that this 
approach can be used to produce MAbs specific for cell 
surface expressed molecules of unknown origin. 

5 Passafeial aB Blicatiaag t S L SM^BEraash and SEM-Derived 
MAbs: (A) The SEM-approach represents a general strategy 
for producing MAbs specific, for molecules expressed on 
the cell surface. These can include, but are not limited 
10 to, novel TAAs , growth factor receptors, T-cell reactive 
epitopes, cell surface antigens (representing different^ 
developmental stages) , surface expressed oncogene 
products, viral encoded proteins found on the cell 
surface, surface antigens expressed as a function of 
15 tumor progression (e.g., antigens associated with benign 
disease and metastatic disease), surface antigens 
eliciting reactivity with non-specific immunoreactive 
cel-±s--U.e., NK cells and macrophages) and surface 
antigens eliciting autoimmune diseases ( diagnostic and 
20 thera eeutic plications ) ; (B) SEM-derived MAbs can be 
used for in situ immunohistochemistry to identify 
specific cell surface expressed molecules, including 
growth factor receptors, cell surface antigens, surface 
expressed oncogene products, TAAs and viral encoded 
25 proteins found on the cell surface (diagnostic 
Plications ) ; (C) SEM-derived MAbs can be used to target 
toxins and radionuclides to tumor cells ( therapeutic 
plications ) ; (D) SEM-derived MAbs with high reactivity 
toward specific clinically relevant target molecules can 
30 be used to develop chimerized (human-mouse) and humanized 
MAbs for both ^'T^ ic applications and therapeutic 
plications in humans; (E) SEM-derived MAbs can be used 
to clone genes encoding TAAs and additional cell surface 
expressed molecules of unknown structure. These genes can 
35 then be used for diag tic plications and ultimately 
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thera Beatie alligations ; (E) SEM-derived MAbs can be 
used to identify potentially important TAAs. Once 
appropriate genes and antigens are identified they can be 
used as part of a strategy to vaccinate against specific 
TAAs ( theraeeu tic applications) . 
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Fourth Series of Experiments 

The selective production of monoclonal antibodies (MAbs) 
reacting with defined cell surface expressed molecules is 
5 now readily .accomplished with an immunological 
subtraction approach, surf ace-epitope masking (SEM) . 
Using SEM, prostate carcinoma (Pro 1.5) MAbs have been 
developed that react with tumor associated antigens 
expressed on human prostate cancer cell lines and 
10 patient-derived carcinomas. Screening a human LNCaP 
prostate cancer cDNA expression library with the Pro 1.5. 
MAb identifies a gene, prostate carcinoma tumor antigen-1 
(PCTA-1) . PCTA-1 encodes a secreted protein of -3 5 kDa 
that shares -40% sequence homology with the N-amino 
15 terminal region of members of the S- (soluble) 
galactose-binding lectin (galectin) gene family. Specific 
galectins are found on the surface of human and murine 
neoplastic cells and have been implicated in 
tumorigenesis and metastasis. Primer pairs within the 3' 
20 untranslated region of PCTA-1 and reverse 
transcription-PCR demonstrate selective expression of 
PCTA-1 by prostate carcinomas versus normal prostate and 
benign prostatic hypertrophy. These findings document the 
use of the SEM procedure for generating MAbs reacting 
25 with tumor associated antigens expressed on human 
prostate cancers. The SEM-derived MAbs have been used to 
expression clone the gene encoding this human tumor 
antigen. The approaches described, SEM combined with 
expression cloning, should prove of wide utility for 
30 developing immunological reagents specific for and 
identifying genes relevant to human cancer. 

Production of MAbs reacting with antigens present on the 
surface of tumor cells, but displaying restricted 
35 expression on normal cells, is often a difficult and 



96/21671 

] 'i 

-100- 



10 



15 



inefficient process (1- • ^ deve loped that 

immunological ^"^J ^ ° £ limitations 
in principle can °^"JJ^ M coward macule 
preventing efficient MAb *> » i£ base d on the 

expressed on the cell surface (3.4) modi£ ied 
Active blowing of aniens™ 

target cell, i.e.. tesc ' nmodified cell line, i.e., 
produced against the ~ ^ \ nj ected into BALB/c 
P driver . Antigen blocxed cells £used 
mi ce and sensitized spleen cell ^ 

m NS1 Byel oma cells - - ^ SUCCeSSfU th y e 

are isolated (3) . The W a P P in the 

use d for a number of a P P expr essed 
production of M*» S f"^ ol(n fun =tions (3.4, . These 

molecules with Known and M r human multidrug 
include HAbs reacting w th the ^ ^ ^ 

resistance protern (»-»lV«* ^ SEM has 

interferon gamma receptor (3. , reacC ing with 

bee n used to produce MAbs Pro 1 Uy nodl fied 

TAAs expressed on appro r - ^ ^ Une s ,3, . 
CKEP-Trans 6 and human prostat 

v. .„ developed for identifying 
An proved procedure ^ * *^ ^ id 
and cloning domrnant acting ^ involves 

5 expression cloning (5 ' 6> . human tumor DHA into 
transfecting high mo '-^^ 6 , selecting cells 
a new acceptor cell Une, CREF ^ ^ using 

expressing genes inducing tumors in dl££erential RNA 
Secular biological ^^ lv> oncogene t S.«>. 
display. to clone f ^ have also proven useful 
Tumor-derived »«-^ Qn the cell surface of 
£ or identifying TAAs initial source for 

cancer cells serving - clo ning of cDNAs using 

transforming BNA.S.e). encoded proteins 

antibodies reacting 



30 



35 



WO 96/21671 



pcr/usyo/uiou / 



-101- 

represents a direct means of identifying and cloning 
functional genes (2) . This approach has now been used to 
identify and clone a gene, prostate carcinoma tumor 
antigen-1 (PCTA-1) , encoding TAAs recognized by the MAb 
5 Pro 1.5. Sequence analysis indicates that PCTA-1 consists 
of a cDNA of 3.8 Kb with no homology to previously 
identified genes. Some overlapping homologies are 
detected with several small . noncontiguous partial cDNA 
sequences (of less than 500 nucleotides) previously 
10 identified as expressed human sequence tags (7) . Analysis 
of protein structure indicates that PCTA-1 has -40% x 
homology to specific structural domains of the S-lectin 
family of galactose-binding lectin proteins, the 
galectins (8-10) . These highly homologous proteins 
15 include a carbohydrate -binding 35 kDa protein CBP35 
expressed on NIH-3T3 fibroblasts, a 34 kDa 
galactose-binding surface antigen present on metastatic 
murine tumors, a 31 kDa galactose-binding surface protein 
on metastatic human tumors, a 30 kDa carbohydrate -binding 
20 protein CBP30 found on baby hamster kidney cells, rat and 
human lung 29 kDa galactose-binding lectins, an 
IgE-binding protein of rat basophilic cells and a 32 kDa 
surface antigen Mac-2 found on thioglycollate-elicited 
murine macrophages (6-8). The roles of the S-lectin 
25 (galectin) proteins are diverse and impinge upon 
important biological processes including cell signaling, 
proliferative control, cell adhesion and cell migration 
(8-10). In this context, the demonstration that PCTA-1 
encodes a protein with homology to the S- lectins 
(galectins) places this molecule in a pivotal position 
relative to human prostate cancer development and 
evolution . 
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Materials and Methods 
Cell lines 

The LNCaP cell line was derived from metastatic deposits 
from a patient with advanced prostate cancer (11). 
CREF- Trans 6 and LNCaP DNA-transf ected nude mouse 
tumor-derived CREF-Trans 6 cells, CREF-Trans 6:4 NMT, 
were isolated as described previously (5). The hormone 
independent prostatic carcinoma cell lines DU-145 and 
PC- 3 were obtained from the American Type Culture 
Collection. Conditions for growing the various cell types 
were as described previously (5,6,11). 

cDNA library construction, expression cloning and 
sequencing 

An LNCaP cDNA library was constructed in the Uni-ZAP XR 
vector (Stratagene®) (6,12,13). The cDNA library was 
screened using the Pro 1.5 MAb following the protocol in 
the— picoBlue Immunoscreening Kit (Stratagene) . Host 
bacterial cells (SURE) were plated on fifteen 150-mm X 
15-mm NZY plates to yield -20,000 plaques/plate. After 
3.5 hr incubation at 42°C, nitrocellulose filters soaked 
in 10 mM IPTG solution were added to the top of colonies 
for plaque lifts. The filters were washed 3 to 4X with 
TBST (20 mM Tris-HCl pH 7.5, 150 mM NaCl, 0.05% Tween-20) 
and soaked in blocking solution [1% BSA in TBS (20 mM 
Tris-HCl pH 7.5, 150 mM NaCl)] and incubated for 1 hr at 
room temperature. The filters were then transferred into 
fresh blocking solution containing Pro 1.5 ascites (1:500 
dilution) and incubated for 3 hr at room temperature with 
gentle agitation. After washing 4X with TBST buffer, the 
filters were transferred into fresh blocking solution 
containing Ab-AP conjugate (1:2000 dilution) and 
incubated for 1 hr at room temperature. Positive colonies 
were identified by developing the filters in a solution 
containing 0.3 mg/ml NBT (nitroblue tetrazolium) , 0.15 
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mg/ml of BCIP (5-bromo-4-chloro-3-indolyl phosphate) , 100 
mM Tris-HCl pH 9.5, 100 mM NaCl and 5 mM MgCl 2 . The 
reaction was terminated by adding stop solution (20 mM 
Tris-HCl pH 2.9 and 1 mM EDTA. Positive 1 clones 
containing PCTA-1 were isolated. The complete sequence of 
PCTA-1 was obtained using the Sanger method (14) . A 
series of oligonucleotides synthesized from both sides of 
the PCTA-l insert in the pBluescript vector were used as 
primers. Sequence analysis. was verified using an Applied 
Biosystems (Model 373A, Version 1.2.1) sequencer . 

In vitro translation of PCTA-1 

The plasmid DNA containing PCTA-1 was linearized by 
digestion with Xma III and used as a template to 
synthesize mRNA using the mCAP mRNA capping kit 
(Stratagene) . In vitro translation of PTI-1 was performed 
using a rabbit reticulocyte lysate translation kit with 
conditions as described by GibcoBRL (MD) (6) . 

Preparation of mouse polyclonal antibodies and SEM 

CREF-Trans 6 polyclonal antibodies were prepared as 
described (3) . The CREF-Trans 6 polyclonal antibodies 
were used to coat CREF-Trans 6:4 NMT cells by the SEM 
approach resulting in the production of hybridomas 
secreting Pro 1.5 MAbs (3). 

Fluorescence cell staining and immunostaining of tissue 
sections with Pro 1.5 and PSA 

Fluorescence staining using Pro 1.5 MAb used previously 
described protocols (15) . Tissue sections were prepared 
from fresh tissues frozen in liquid nitrogen. Serial 
sections for several tissues were used to prepare RNA for 
RT-PCR (6). Staining of tissue sections used standard 
protocols (Super Sensitive Detection System (BioGenex) . 
Briefly, sections were fixed in acetone, blocked with 3 
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% H 2 0 2 for 7 min at room temperature andincubated for 2C 
min at room temperature in PBS containing 3 % lamb serum. 
Sections were then incubated with Pro. 1.5 (1:100) or PSA 
(1:200) (DAKO Corporation) for 45 min at room 
5 temperature. Samples were incubated with biotinylated 
secondary antibody and alkaline phosphatase conjugated 
steptavidin in PBS. Prior to each incubation step, 
sections were washed 3 to 5X with PBS. Reactivity was 
detected by adding DAB and counterstaining with 
10 Hematoxylin. 

Ijnmunoprecipitation analysis 

Cells were labeled with 35 S -methionine and cell lysates 
were analyzed for PCTA-1 protein levels by 

15 immunoprecipitation analysis with Pro 1.5 MAbs as 
previously described (3,16) . Secreted PCTA-1 was detected 
by labeling cells for 4 hr with "S-methionine, growing 
cells for an additional 24 hr in the absence of label, 
collecting the medium, concentrating the medium and 

20 performing immunoprecipitation analysis with Pro 1.5 
MAbs. 



RNA preparation and RT-PCR 

Total cytoplasmic RNA was isolated from logarithmically 
25 growing cell cultures as previously described (6,13). 
Tissue samples from normal prostates and patients with 
prostatic carcinomas or BPH were frozen in liquid 
nitrogen and RNA was isolated using the TRIzol reagent as 
described by GibcoBRL (MD) . Tissue samples were supplied 
30 by the Cooperative Human Tumor Network (CHTN) . Three 
samples of normal prostate were obtained from autopsies 
of males < 40 years of age. All tissues were 
histologically confirmed as normal, BPH or carcinoma of 
the prostate (6). RT-PCR using primer pairs for PCTA-1, 
35 PSA and GAPDH was performed as described previously 
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Experimental Results 

Production of Pro 1.5 MAbs by SEM and reactivity of Pro 
1.5 and PSA with normal prostate, BPH and prostate 
carcinomas 

The SEM approach of blocking antigenic epitopes on nude 
mouse tumor-derived LNCaP DNA transfected CREF-Trans 6 
cells with CREF-Trans 6 polyclonal antibody prior to ^ 
injection into mice was used to produce hybridomas 
secreting the Pro (prostate carcinoma) series of MAbs 
(3). The Pro MAbs can detect by in situ fluorescence 
microscopy and fluorescence activated cell sorter (FACS) 
analysis the surface expression of tumor associated 
antigens on LNCaP- transfected primary (CREF-Trans 6:4 
NMT) and secondary tumor-derived CREF-Trans 6 cells and 
LNCaP, DU-145 and PC-3 human prostate cancer cell lines 
(3) (Fig. 16A, 16B, 16C and data not shown) . In contrast, 
Pro 1.5 does not react using fluorescence microscopy or 
FACS with CREF-Trans 6 cells (3) . The staining pattern 
with Pro 1.5 in human prostate carcinoma cells is 
irregular with microclusters , as previously observed with 
MAbs reacting with specific galectins (10,17,18) (Figs. 
16A, 16B, 16C) . Immunoprecipitation analysis identifies 
an -3 5 to 42 kDa protein in lysates from 
LNCaP-transfected primary and secondary tumor-derived 
CREF-Trans 6, LNCaP, DU-145 and PC-3 cells (3) (Fig. ID 
and data not shown) . Of the prostate cancer cell lines 
studied, the PC-3 clone contains the lowest quantities of 
cell associated, surface expressed (FACS) and secreted 
PCTA-1 protein. 

To determine if Pro 1.5 MAbs can react with 
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the galectins (Figs. 18A, 18B) . Several types of protein 
sequence homologies are found between PCTA-1 and the 
other galectins. Stretches of identical amino acids are 
found in PCTA-1 and both the small -14 kDa and larger -2 9 
5 to 34 kDa galectins, e.g., HFNPRF, IVCN and WG. These 
amino acids are well conserved and are found in galectins 
isolated from diverse species, including eel, chicken, 
mouse, rat, bovine and human (Fig. 18B) (10,19,20). They 
are important structural components of the galectins and 
10 may mediate galectin binding to its putative ligands 
(10). Of potential interest is the replacement in PCTA-l 
of two amino acids normally present in the conserved 
regions of most of the galectins, i.e., the substitution 
of an I for an R and a T for an F (Fig. 18B) . A number of 
15 similar positioned amino acids are found in PCTA-1 and 
the larger -29 to 34 kDa human and mouse galectins, that 
are not present in the -14 kDa galectins isolated from 
most-other species, e.g., DVAF and WGREE (Fig. 18B) . In 
addition, a number of amino acids are distinct for PCTA-1 
20 versus the other similar positioned amino acids that are 
found in the human galectin-3 L29 and Human L-31 
proteins, including RA, KBftG. VL. and ZBBL- The 
similarities in regions of conserved structure between 
PCTA-1 and the galectins suggest that they will share a 
25 number of overlapping properties. However, the numerous 
amino acid changes observed in PCTA-1, in both the 
conserved regions and throughout the remainder of this 
protein, can be expected to impact on the structure and 
affect the properties of the PCTA-1 protein. 
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Expression of PCTA-1 in cell lines and normal prostate, 
BPH and prostate carcinomas 

After obtaining the sequence of PCTA-1, studies were 
performed to determine if primers for specific regions of 
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this gene could be identified that would permit detection 
of RNA expression by RT-PCR. Using primers located 
between bp 3010 and bp 3423 in the 3' untranslated 
region, PCTA-1 expression is apparent in LNCaP 
5 DNA-transfected . tumor -derived CREF-Trans 6, LNCaP and 
DU-145 cells, but not in untransf ected CREF-Trans 6 cells 
(Fig. 19) • PCTA-1 expression also occurs in seven of 
seven patient -derived prostate carcinomas, one of four 
BPH and one of four putative normal prostate tissue 

10 samples (Fig. 19). In the one BPH sample displaying 

PCTA-1 expression, histological analysis indicated the v 
presence of epithelial atypia consistent with PIN. In the 
one putative normal prostate tissue sample expressing 
PCTA-1, no tissue was available for histological 

15 analysis. However, since this tissue was obtained from a 
60 year-old male, it is possible that this tissue may 
have contained clinically unsuspected prostate disease. 
The same RNA samples were tested for prostate specific 
antigen (PSA) expression (Fig. 19) . PSA RNA was present 

20 in LNCaP cells and all of the prostate tissue samples, 
but not in CREF-Trans 6, LNCaP DNA-transfected 
tumor-derived CREF-Trans 6 or DU-145 cells. As predicted, 
all samples were positive for expression of the 
housekeeping gene GAPDH (Fig. 19). Although the sampling 

25 size is small, these results indicate that PCTA-1 
expression may be restricted to prostate carcinomas and 
subsets of BPH displaying early stages of cancer, i.e., 
PIN. In contrast, PCTA-1 expression is not evident in 
normal prostate or BPH. 
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Secretion of PCTA-1 by human prostate carcinoma cell 
lines. Many galectins are externalized by non-classical 
secretory mechanisms that do not involve a typical 
secretion signal peptide (10,17,18). In order to 
35 determine if PCTA-1 is secreted by Pro 1.5 MAb positive 
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cells, target cells were labeled for 4 hr with 
35 S -methionine, the label was removed and cells were 
washed three times in methionine -free medium and then 
incubated for an additional 18 to 24 hr in complete 
medium without label. The conditioned medium (CM) was 
collected, contaminating cells were removed, the CM was 
concentrated and immunoprecipitated using the Pro l.S.MAb 
(Fig. 16C) . A protein of -35. to 42 kDa was present in CM 
from CREF-Trans 6:4 NMT, LNCaP, DU-145 and PC- 3, but not 
from CM obtained from CREF-Trans 6 cells (Fig. 16C) . 
Immunoprecipitation analysis of 35 S -methionine labeled^ 
cell lysates from the same cell types indicate a similar 
pattern of PCTA-1 expression, i.e., present in CREF-Trans 
6:4 NMT and human prostate carcinoma cell lines, but not 
in untransfected CREF-Trans 6 cells (Fig. 16C) . As 
previously found using FACS analysis with the Pro MAbs, 
PC-3 cells produced the lowest levels of cell-associated 
and secreted PCTA-1. These results demonstrate that 
PCTA-1 is shed from prostate cancer cells. In this 
context, monitoring PCTA-1 protein in the circulation 
might prove beneficial as a diagnostic marker for 
prostate cancer. 

Experimental Discussion 

The early detection of prostate cancer and the accurate 
prediction of its clinical course is not possible using 
current methodologies . Contemporary approaches , including 
physical examination, tissue biopsy, monitoring serum PSA 
levels, and ultrasound and bone scans do not insure early 
prostate cancer detection and are of only limited value 
in predicting disease progression. Of immense value for 
the accurate diagnosis and potentially for the therapy of 
human prostate cancer is the identification of 
immunological and genetic reagents displaying the 
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appropriate specificity that will permit a clear 
distinction between prostate carcinoma versus normal 
prostate and BPH. By using a number of innovative 
strategies, including rapid expression cloning, SEM and 
antibody expression cloning, we have produced MAbs 
reacting with TAAs differentially expressed on human 
prostate carcinoma cells versus normal prostate and BPH 
and have cloned the gene. PCTA-1 that encodes this 
protein. PCTA-1 is expressed in invasive prostate 
carcinoma and early prostate cancer, PIN, but not in 
histologically confirmed normal prostate or BPH. The ^ 
PCTA-1 encoded TAAs are detected on the surface of 
prostate cancers and are shed by prostate carcinoma 
cells. These attributes should allow the direct use of 
the Pro series of MAbs and the PCTA-1 gene for diagnostic 
applications. If appropriate specificity of the PCTA-1 
gene is found using a larger tissue sampling, this gene 
may also prove useful for designing gene-based strategies 
for the therapy of prostate cancer. 

The PCTA-1 protein retains a number of conserved 
structural motifs that are found in most members of the 
galectin gene family (10,19,20). These conserved regions 
are present in species as diverse as eel, mouse, rat and 
human (10) . On the basis of the DNA sequence of PCTA-1 
and its encoded protein, PCTA-1 is a new member of the 
galectin gene family, galectin- 8, that may contribute to 
the cancer phenotype of human prostate carcinomas. The 
galectins display wide tissue distribution, clear 
developmental regulation and differential levels in 
specific tissues, supporting the hypothesis that they 
contribute to many physiologically important processes in 
mammalian cells (10) . Of direct relevance to cancer, is 
the finding that the galectins, as well as the selectin 
subgroup of C-type lectins (21,22), can mediate both 
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cell-cell and cell-matrix interactions (10,17,23). These 
associations are critical elements in mediating the 
metastatic spread of tumor cells (24) . Moreover, 
experimental evidence has accumulated indicating that 
5 galectin-3 may play an important role in the metastatic 
process (17,25-29). Galectin-3 is overexpressed in human 
colon and gastric carcinomas versus normal and benign 
tissue and elevated expression of recombinant L-34 in a 
weakly metastatic UV-2237-cl-15 mouse fibrosarcoma cell 

10 line increases lung metastases in syngeneic and nude mice 
(17,25-29). Moreover, anti-galectin MAbs inhibit 
homotypic aggregation, anchorage -independent growth and 
experimental metastases in UV-2237 subclones (30-32). 
Studies are in progress to determine if the PCTA-1 gene 

15 and the Pro MAbs display similar properties as the cloned 
galectin-3 gene and the anti-galectin MAbs, respectively. 
It will also be important to ascertain if inhibition in 
PCTA-1 expression, using antisense oligonucleotides, 
antisense expression vectors or ribozyme approaches, 

20 alters the tumorigenic or metastatic properties of human 
prostate cancers. 

Prior to SEM, no simple and direct procedure was 
available for efficiently generating MAbs reacting with 

25 differentially expressed surface molecules. Conceptually, 
SEM involves immunological subtraction that induces the 
immune system of mice to target antibody production 
toward surface molecules expressed on a genetically 
modified tester cell line, but not expressed or expressed 

30 in lower abundance on its' cognate unmodified driver cell 
line (3,4). By using polyclonal antibodies produced 
against the driver cell line to coat (mask) epitopes on 
the tester cell line, enriched production of MAbs 
targeted toward epitopes expressed on the surface of the 

35 tester cell type is achieved (3,4). In addition to 
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identifying TAAs present on the surface of human prostate 
cancer cells, Pro 1.1 to 1.5. the SEM approach has also 
been used with rapid expression cloning to develop MAbs 
reacting with human breast carcinoma cells (data not 
5 shown) . These results indicate that these approaches may 
represent an efficient strategy for identifying antigenic 
epitopes on human cancers. Additional applications of SEM 
may also result in the targeted production of MAbs and 
the identification of genes associated with important 
10 physiological processes, including cellular growth and 
differentiation, immunological recognition, ^ 
tumorigenesis, metastasis, cellular senescence, atypical 
multiple drug resistance and autoimmune disease. 

15 In summary, applicants presently demonstrate direct 
applications of the rapid expression cloning and SEM 
technologies for the development of MAbs and the cloning 
of the .PCTA-1 gene associated with human prostate cancer. 
The PCTA-1 gene and the recently identified prostate 

20 tumor inducing gene PTI-1 (6) are genetic elements that 
can distinguish prostate cancer from normal prostate and 
BPH. Although further studies are required, it appears 
that PCTA-1 may represent an earlier genetic change in 
human prostate cancer development than PTI-1. In this 

25 context, both the Pro MAbs and the PCTA-1 gene should 
find direct applications for prostate cancer diagnosis 
and staging and they may also represent important 
therapeutic reagents for intervention in this pervasive 
and often fatal neoplastic disease. 
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Fifth Series of Experiments 

Rapid expression cloning and differential RNA display 
identified a novel prostatic carcinoma oncogene, prostate 
5 tumor inducing gene.-l (PTI-1) . PTI-1 consists of a 630 bp 
5 ' -UTR with sequence homology to Mycoplasma hyopneumoniae 
(5'-UTR) and a 3' sequence encoding a truncated and 
mutated form of human elongation factor- la. Screening a 
cDNA library constructed from LNCaP human prostate cancer 
10 cells with the 5' -UTR indentifies additional PTI cDNAs 
with similar 5' -UTR regions, but differing 3' regions. 
Southern hybridization analysis of genomic DNAs 
demonstrates the presence of PTI 5' -UTR sequences in 
organisms as diverse as bacteria, yeast and human. Using 
15 a 5' -UTR probe of PTI-1, RNA expression occurs in cloned 
rat embryo fibroblast (CREF) cells transformed by diverse 
acting viral oncogenes, including adenovirus type 5 
(Ad5), a cold-sensitive host-range Ad5 mutant, T24 
Ha-ras, v-src and human papilloma virus type-51 (HPV-51) . 
20 A CREF clone containing a wild-type Ad5 E1A transforming 
gene under the transcriptional control of a dexamethasone 
(DEX) -inducible mouse mammary tumor virus promoter 
demonstrates a direct relationship between induction of 
Ad5 E1A, the 5' -UTR of PTI-1 and cellular transformation. 
25 Expression of the 5' -UTR of PTI-1 is regulated at a 
transcriptional level in the DEX- inducible Ad5 
ElA-transformed CREF clone, as well as in v-src, Ha-ras 
and HPV-51 -transformed CREF cells. These results indicate 
that morphological and oncogenic transformation of CREF 
30 cells correlates with transcriptional induction of the 
5' -UTR of PTI genes. Since this 5' -UTR sequence is a 
component of multiple cellular RNAs, genes linked to this 
5' -UTR may be targets for oncogenic transformation. 

35 it is now possible to detect dominant -acting 
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tumor- inducing oncogenes in genomic DNAs from human 
cancer cell lines and primary patient-derived tumors 
using the rapid expression cloning procedure with a new 
DNA acceptor cell line CREF-Trans 6. This approach has 
been used with high molecular weight DNA from the human 
LNCaP prostate carcinoma cell line to demonstrate the 
presence of a putative nude mouse tumor inducing gene, 
not detected using similar approaches with NIH-3T3 cells. 
Tumors developing in nude mice injected with LNCaP DNA 
transfected CREF-Trans 6 cells were established in 
culture, mRNAs were compared by differential RNA display 
(DD) and a novel sequence of 214 bp (representing part 
of the 5'-UTR of PTI-1) was identified and cloned. When 
Northern blots containing RNAs from various cell types 
were probed with the 214 bp sequence, RNA expression was 
detected in LNCaP transfected nude mouse tumor-derived 
CREF-Trans 6, LNCaP, DU-145 (hormone refractile human 
prosate carcinoma) , NCI-H69 (human small cell lung 
carcinoma) , T47D (human breast carcinoma) , SW-480 and 
LS174T (human colorectal carcinomas) cells. Screening an 
LNCaP cDNA library with the 214 -bp DNA fragment and RACE 
5' extension resulted in the cloning of a full-length 
2.0-kb PTI-1 cDNA. Sequence analysis indicates that PTI-1 
consists of a 63 0 -bp 5' sequence with homology to 
Mycoplasma hyopneumoniae and a 3' sequence homologous to 
a truncated and mutated form of human elongation factor 
1-a (EF-la) . Using a pair of primers recognizing a 280-bp 
region within the 630-bp 5'-UTR PTI-1 sequence, reverse 
transcription-PCR detects PTI-1 expression in 
patient-derived prostate carcinomas but not in normal 
prostate or benign hypertrophic prostate tissue. These 
findings indicate that PTI-1 may be a member of a class 
of oncogenes that could affect protein translation and 
contribute to carcinoma development in human prostate and 
other tissues. 
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The present study was designed to determine the potential 
significance of the mycoplasmal -like 5'-UTR region of 
PTI-1. We demonstrate that this sequence is present in 
genomic DNA of both procaryotic and eukaryotic cells. In 
humans, tissue expression of the 5'-UTR occurs in normal 
skeletal muscle and colon tissue, as well as in specific 
carcinomas of the prostate, colon, lung and breast. cDNAs 
isolated from an LNCaP cDNA library indicate that the 
5'-UTR is associated with multiple distinct 3' regions, 
suggesting that this sequence is part of a PTI multigene 
family. Expression of the 5'-UTR of PTI-1 correlates with 
transformation in rat embryo fibroblast cells by diverse 
DNA viruses. The induction of the 5'-UTR in 
oncogene-transformed rat embryo cells occurs by a 
transcriptional mechanism. These observations suggest 
that cDNAs containing the 5'-UTR of PTI-1 may be targets 
for transcriptional activation occurring during oncogenic 
transformation. 



